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PREFACE. 


In offering this volume on the ocular muscles to students in 
ophthalmology, the author is not unmindful of the excellence 
nor of the abundance of the literature on the subject. The diffi- 
culties experienced by students in grasping many of the technicali- 
ties, and the enthusiasm which has been apparent each year in their 
honest efforts to master the subject, have stimulated the writer to 
attempt to crystallize, and at the same time to simplify, accepted 
facts, so as to render the course in ocular muscles interesting and 
practical. The present volume, therefore, is a somewhat amplified 
presentation of lectures which have been given in the Graduate 
School of Medicine in the University of Pennsylvania. It is offered 
to all students of ophthalmology with the hope that it may stimulate 
greater interest in a most important but often much neglected phase 
of our specialty. If it is found to be helpful to any who, like the 
author, experience difficulty in correlating many clinical phenomena, 
it will have served its purpose. 

Because of its clinical character, and the hope ¢hat it may be 
eminently practical, abstruse mathematical y as which are 
important but not essential, have been ogre For similar 
reasons, theories which have not received Xeneral approval are 
discussed but briefly. Accepted th Ọ do not need special 
defense. To this end, the author ha NS elt it necessary to defend 
his acceptance of the role of the D faculty” in discussing con- 
comitant squint. No theory a ar produced answers so satis- 
factorily in explaining the lie phenomena and the methods of 
correcting the same. 

ivery effort has bee 
authors and to pu 
ideas. If the aptl 


? in the text to give due credit to other 
sfor borrowed diagrams, quotations, and 
as failed in any instance to acknowledge the 


same, it is an &ni—~tentional omission. ‘To Professor Whitnall and 
Cee fauna of the Human Orbit,” the author is espe- 
Y 


cially ind for many illustrations and for the essential facts, set 
TAN re chapter on Anatomy. 
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S ILADELPHIA, 1927. 
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THE EXTRA-OCULAR MUSCLES. 


PARTSI. 
ANATOMY AND PHYSIOLOGY. 


ANATOMY.! 


The Orbits.—The orbits, or orbital cavities (fossæ orbitales), 
are irregularly cone-shaped bony cavities situated to each side of 
the upper two-thirds of the nose. The apex of each cone is directed 
backward toward the sella turcica, while the wide-open end, or 
base, is directed forward and somewhat outward. The median 
walls, although uneven in contour, PE paralleļsm, while 
the roof, the floor, and the outer wall incline S. the 
orbital axes from behind forward. This deviati capera 
marked in the outer wall, to a somewhat lesseg 4 above, and 
is least marked in the floor. While it is Cyrrily described as 
cone-shaped, the orbit takes on a pyrami O with a tendency 
to contraction of both apex and base. O vex, or posterior third, 
also called the retrobulbar part of th&orbit, is narrowed to conform 
to its needs for housing only the aK avo muscles, bloodvessels, 
and veins. In this area the amid is practically reduced to 
three sides formed by the r the internal and external walls— 
the latter ceasing at the "ior orbital or the sphenoidal fissure. 
The anterior two-thir Q ulbar part of the cone, is more or less 
quadrilateral in shake,)the several sides merging into the orbital 
rim, which is Ao y well marked in the outer two-thirds of the 
orbital openings) 


kind permission has followed very closely the anatomical facts as 


sor W nia 
ane inthe Anatomy of the Human Orbit. 


1 Ing ana nnatomy is so strictly technical and exact, the author, with Profes- 
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Bones of Orbit.—The bones which enter into the formation of 
these bony cavities are as follows: 

1. The roof is formed by the frontal and the lesser wing of the 
sphenoid. 

2. The inner wall is formed by the frontal, lacrimal, ethmoid, 
and the body of the sphenoid. 

3. The floor is formed mostly by the superior maxilla, although 
the zygomatic and palatine bones complete the stricture. In 
addition, the inferior orbital, or spheno-maxillary fissure, has a 


_ share in the formation of the floor, bridged over by the periosteum 


or periorbita, and the so-called involuntary orbital muscle of 
Müller. 

4. The outer wall is formed anteriorly by the zygomatic bone 
and posteriorly by the greater wing of the sphenoid and a small tip 
of the frontal. In its extreme apical end the lateral wall is com- 
pleted by the superior orbital or sphenoidal fissure— the gap between 
the greater and lesser wing of the sphenoid. This is bridged by 
the soft structures which pass through it, by the periorbita, the 
involuntary orbital muscle of Müller, which extends. across its 
lower extremity from the inferior orbitalfissure, and by the annulus 
of Zinn in its middle third. 

Periorbita.— The periosteal lining of the orbital bones is known 
as the periorbita. It is more or less loosely attached and readily 
admits of subperiosteal hemorrhage such as may occur in infantile 
scurvy, in whooping-cough and after trauma, seh rise to spon- 
taneous proptosis of the eyeball and even BF ete paralysis of 
one or all of the extra-ocular muscles. 

_ Angles.—The shape of the base is mor 
rounded corners, although many orbits 
is especially to be noted that OCI 
placed horizontally to the side on ose, but tend to dip down and 
out, so that the longer axes, longed, would meet well above 


the root of the nose. sage greater importance is the angle 


ss quadrilateral with 
on an oval contour. It 
or orbital margins are not 


formed by the vertical pl or bases of the orbits. Measurements 
by various investig NA different cases vary from 130 to 150 
degrees. It is =e to bear in mind that the outer rim of the 
orbital cavity 1 aie considerably farther back than the 
median rim, [he A i antage of this arrangement lies in the greater 


rnd ae struction which the visual line encounters in tem- 


poral ro 1 where a wide field is especially advantageous. 


TANS vle formed by the median and external walls according 
a nall, who quotes Lagrange, is from 45.9 to 48.6 degrees. 
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According to the same author, the two median walls are rarely 
parallel. In most instances the distance between the posterior 
part of the median walls is several millimeters greater than the 


EIGA 


Frcs. 1, 2 and 3.—Characteristic types of orbits. (Stevens’ Motor Apparatus of the 
Eye, courtesy of F. A. Davis Company.) 
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distance between the anterior ends. The long axis of the orbital 
cavity is somewhat depressed below the horizontal in adults, but 
nearly horizontal in children. With the sagittal axis of the skull 
this axis forms an angle of approximately 23 degrees according to 
different authorities. If prolonged backward, the two axes should 
meet slightly posterior to the posterior wall of the sella turcica. It is 
of interest to note, therefore, that while, the antero-posterior axis 
of the orbit forms an angle of approximately 23 degrees with the 
optic axis, it practically coincides with’ the muscle plane of the 
superior and inferior recti muscles. This is a fact of great clinical 
importance. 


Re 


Fic. 5.—Vertical and transverse diameters of the orbit. Crens Motor Apparatus 
of the Eye, courtesy of F. A. DavigQSgmpany.) 


Dimensions.— The dimensions of rhit vary with the age, 
nationality and race of skulls ex According to Whitnall, 
the height of the orbital entrant V ries from 30 to 40 mm., while 
the width is given at from 36@ 50 mm. At birth, the height of 
the orbit may be equal to@he width, but in adult life the width 
increases, more so in m an in women. 

Depth.—The BANS Iis shorter than the floor, the roof, or 
the outer wall. „T easurements, which are taken from the apex 
to the center G base or to the center of the anterior plane, 
vary from 3 50 mm. In women the depth is less than in men. 

S the Orbit.—The canals and fissures which are of 
impo taQre or a study of muscles are: 

il RN optic canal which is situated at the apex of the cone in 
g Ae wing of the sphenoid. Through this opening pass the 
ne) 
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optic nerve, the ophthalmic artery, and the sympathetic fibers 
from the carotid plexus. The meningeal sheath of the optic nerve, 
a continuation of the meninges of the brain, forms part of the con- 
tents of this canal. 

2. The superior orbital, or sphenoidal fissure, which also forms 
part of the apex and part of the lateral wall, transmits the third, 
fourth, sixth, the ophthalmic division of the fifth cranial nerve, 
the sympathetic root of the ciliary ganglion, and sympathetic fibers 
from the cavernous plexus, and according to Whitnall, sometimes 
the sensory root of the ciliary ganglion, the ophthalmic vein and 
an orbital branch of the middle meningeal artery. ; 

3.-The inferior orbital, or spheno-maxillary fissure, transmitting 
the infra-orbital nerve and bloodvessels, and the veins connecting 
the ophthalmic and pterygoid plexuses. 

4. The naso-lacrimal canal which transmits the naso-lacrimal 
duct. The latter canal is of interest inasmuch as it opens into the 
floor of the fossa which houses the lacrimal sac. Near the pos- 
terior lacrimal crest of this fossa the inferior oblique muscle takes 
its origin. 

Relational Osteology.— The relation of the nasal accessory sinuses 
to the bony orbit has special significance in the study of certain 
muscular disturbances in disease of these sinuses. The ethmoidal 
cells are separated from the orbit by a very thin bony plate. Inflam- 
mation of these cells may extend through the bony wr and 
be the cause of direct involvement of the internal revs Douscle in 
its course; or rupture through this wall, which is of @mimon occur- 
rence, may directly involve not only the integMys, but also the 
other ocular muscles which are in the imm iG vicinity. 

Much more intimate, even than the pr ty of the ethmoidal 
cells to the internal rectus muscle, is they ation between disease 
of the sphenoidal and the posterior%ethmoidal cells to the motor 
nerves of the eye. The sphenoid iQheated just beneath the optic 
foramen, and when pneumatiz Gp of the lesser. wing of the sphe- 
noidal bone occurs, the relati the third and sixth nerves is quite 
important. After passi Ghoich the sphenoidal fissure, the 
third and sixth cran] @ res lie in direct contact with the thin 
layer of bone which ane the sphenoidal sinus from the orbit. 
An inflammation Gperefore, of this cell in many instances gives 
rise to disturb netion of the muscles supplied by these nerves. 
Deficient coxelZence, which has so often been noted, is perhaps 
the mild’ the forms of disturbed motility observed, although 


eX sles and even complete paralyses may be found because 
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of the very intimate anatomical relationship. The fourth nerve 
is less frequently disturbed because of its slightly more remote 
position—being located more centrally. Inasmuch, however, as 
the annulus of Zinn furnishes the common origin of all the external 
ocular muscles but the inferior oblique, and this ligament surrounds 
the optic foramen which is directly over the sinus, it is easy to 
understand how marked general motor disturbance may be asso- 
ciated with chronic or acute sphenoidal disease. 

Greenfield Sluder and A. E. Ewing of St. Louis, Mo., have called 
attention to a relationship between disease of the frontal sinus 
and the superior oblique muscle.! In occlusion of the frontal 
sinus, Ewing elicited a tenderness on pressure over the trochlear 
region underneath this sinus which is regarded as characteristic 
of the headache called “vacuum frontal headache” by these authors. 
In addition to this sign, when the patient attempts to do close 
work, headache is increased because of the constant pull of the 
superior obliques in turning the eyes down and in during the act of 
reading. 

Development.—It is claimed by some that the orbit of a child of 
six years has practically reached its maturity of growth. Refer- 
ence, however, to the statistics of Whitnall? is convincing that 
maturity is reached approximately about the age of puberty. The 
orbital margin of the infant is oval, but as maturity is reached it 
becomes more angular, due largely to the greater development of 
the orbital ridges. It is especially noticeable t in men the 
orbital ridge or margin is heavier and more Xur led than that 


observed in the child or in women. 

Whitnall finds considerable variation 1 Oa In women the 
orbit is more rounded, the orbital rid e less well defined and, 
according to Merkel, the female is more elongated. In the 
male, the prominent ridges fu rotection to the eyeball and 
harmonize with a more powerføyNẹ% developed jaw. According to the 
same author, the walls are-darvér and more curved because of the 


-p 


heavy rim, and the extr epth is greater than that found in the 
female. 4 

While the shap e orbit may have a direct bearing upon 
vision, it has n clearly shown that myopic eyes are found in 


Schmidt Bixypler found about the same orbital index in myopic 


orbits which,ditfér materially from that of the hyperopic eye. 
and A eyes. Birnbaum (1915), quoted by Whitnall, 


1 Wer: Concerning Some Headache and Eye Disorders of Nasal Origin, 1918. 


N tomy of the Human Orbit, p. 99. 
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found that prominent eyes are found to be associated with large 
and oval ridges, while deep-set eyes are found in orbits with small 
and rounded openings. Much asymmetry has been observed, 
and it is more than likely that asymmetry is an important factor 
in certain forms of motor disturbances of the eye. . 

Fascia of the Orbit.—Tenon’s capsule, also called Bonnet’s 
capsule, fascia bulbi, etc., has received much attention by investi- 
gators. It probably was known to Galen and to others, but to 
Tenon of Paris is due the credit of an exhaustive description in 
1806. It has been made the subject of original study by many in 
later years, and this has led students to regard it with increasing 
complexity rather than simplicity. For practical application, it 
may be approached advantageously in a more simplified form. 
As such it can be described as a membrane composed of fibrous 
and connective tissue which surrounds the eyeball from the cornea 
to the optic nerve. In addition to this tunic of the eyeball, reflec- 
tions of the same general character follow the muscles, forming 
muscle sheaths, while other specially differentiated reflections or 
thickened portions, known as check ligaments, pass to the bony 
orbit from the muscle sheaths. A fourth modification of this same 
fascia is suspended beneath the eyeball with attachments to the 
outer and inner orbital walls, serving, as it were, as a hammock in 
which the eyeball rests—the suspensory ligament of Lockwood. 

Tenon’s Capsule Proper.—The capsule proper, or that portion 
which surrounds the globe, is pierced by the ocular myg¢ct§s, blood- 
vessels, and nerves which pass to the eyeball. separate 
structures have been described by all anatomis mely, a thin 
inner membrane and an outer, or the capsujeyproper. Between 
these two tissues are spaces which are neit, ue serous nor yet 
lymph cavities. The inner or visceral SS in very close and 
intimate contact with the globe, firmlg atefched around the corneal 


margin but less firmly attached ar the optic nerve. In the 
latter location both structures so perforated by the posterior 
ciliary arteries and nerves th e structure is not well defined. 


At the point of attachm xO e muscles the capsule is roughly 
divided into an anteri N d a posterior part. The posterior 
capsule is much the oy the ratio being as 2 to 1. It has been 
pointed out by Mgrkefand Virchow that the capsule is not con- 
tinued over the a nerve to the apex of the orbit, although by 
others it is cla that such a covering exists. 


nportance of this part of the orbital fascia, or Tenon’s 
er, is the cavity which is thus formed, in which the eye 
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Fie. 6.—Investment of the muscles of the eye, by the capsule of Tenon. Repro- 
duced from Motais's ‘‘Anatomie de l’Appareil Moteur de Œil” by the kind permis- 
sion of Professor Motais. (From Stevens’ ‘‘ Motor Apparatus of the Eyes,” courtesy 
of F. A. Davis Company.) 
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all seen from behind. The four recti have been spread out to 
of their fascial sheaths with the fascia bulbi, or capsule of Tenon, 
which has be It away on the left side to expose the medial rectus. Such a hard- 
ened and cted-out preparation conveys an exaggerated idea of the density of 
Natural size. (Courtesy of Whitnall and Oxford Medical Publica- 
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A Horizontal Section of the Globe and Its Membranes. 
(After Motais.) 

E.C.L. and I.C.L.—External and internal check ligaments; A.E.C. and P.E.C., 


anterior and posterior portions of the external capsule; J., J.’, I.C., I.C., reflection 
of internal capsule on the tendon; S.B., serous bursa. (From Maddox’s “Ocular 


Muscles.’’) 
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very D nonuama, Section of Eyeball and Adnexa. 
(After Motais.) 


tion of fascia from the under surface of the levator palpebræ on the upper 


RSL 
o superior rectus; C, part of the funnel-shaped expansion proceeding to 
n®fgin of the orbit; P, expansion to contribute to the anterior part of the cap- 


ey I.R., inferior rectus; I.O., inferior oblique; J.L., check- ligament of the inferior 
us, embracing the inferior oblique. ; 


(From Maddox’s “Ocular Muscles.’’) 
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rests and from which the orbital fat and other structures are held 
back and separated. It serves as a socket in a sense, in which the 
eyeball rotates. The firm union with the eyeball and the intimate 
relation posteriorly, although not so firm as the anterior attach- 
ment, admits of comparatively little movement of the eyeball in 
the cavity and the capsule for the most part moves with the globe. 
That a cavity really exists is definitely shown after a careful enu- 
cleation when the capsule forms a good wall which holds the orbital 


ay, 
Frc. 8.—The dissection shows the “suspensonft{gament” of Lockwood. (Courtesy 
of Whitnall and Oxford My 1 Publications.) 


structures in place and forms cket for the implantation of a 
foreign body to form a moy Rs mp. Furthermore, by dissection, 
it is possible to clearly d Se the presence of this tunic which 
can be stripped fror globe with ease although the visceral 
layer may remain 2p sit. 

Muscle Sheaths. he muscle fascia is a reflection of the capsule 
of Tenon why nvelops the muscles from their attachment to 
the BEERS ere it is dense and plainly visible, to their point of 
origin. à particular phase of the capsule of Tenon makes it 
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difficult to understand. It simplifies matters to regard the muscle 
sheaths as blending with the capsule proper at the point where the 
muscles pierce the capsule to become attached to the sclera. Sur- 
rounding the globe, there is communication between the several 
muscle sheaths, a thickening of the capsule proper, so that the eye- 
ball, as it were, rests in a hammock—the so-called suspensory 


? ligament of the eye. This ligament unites with the external and 
| > internal check ligaments, and is attached to the bony walls of the 


orbit, completing the resemblance of this suspensory ligament to 
a hammock or sling in which the eye rests. 

As pointed out by Whitnall the muscle sheaths are firmly attached 
to the muscles throughout, the surgical importance of which is 
recognized in tenotomies. ‘The firm union prevents undue retraction 
of a muscle when severed from its attachment. This limited retrac- 
tion, however, is also partly due to the restraining action of the 
check ligament about to be described. 

Check Ligaments.— From the sheath of each tendon there are 
off-shoots or reflections which are attached to the orbital walls, 
known as check ligaments or ailerons. Two at least are especially 
well defined, the external and the internal. The external ligament 
is a broad well-developed band extending from the muscle sheath to 
the periosteum over the zygomatic tubercle and also to the external 
canthal ligament. Similarly, the internal ligament extends to the 
inner wall of the orbit and the internal canthal ligament. Both 
ligaments send off shoots to the conjunctiva. AÀ superior and 
inferior ailerons are not so well marked but t present and 
can be demonstrated by Howe’s method of ling the dissected 
fascia before a bright light when the thiĝķèned tissue is plainly 
visible. 

The clinical importance of the R a rarely receives 
proper consideration. First, t tal attachments steady and 
firmly anchor the eyeball and teract the backward pull of the 
four recti muscles; second, t aments serve as a check upon the 
action of the individual Ayfscles. Not only do they limit the 
overaction of a PENN is more than likely that, being elastic, 
the action of a myseky as it nears its maximum contraction, is 
gradually slowe¢ dwn and the contraction is smoother than it 
otherwise OA, . That a check ligament actually limits the 
action of aN le is easily demonstrated by tenotomy of one of 
these ter 

Y 


iE 
¢ us attachments, after which the muscle will rotate 
igh a greater arc. Of special interest from a surgical 


the ex 
> is the effect which these ailerons may have upon teno- 
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tomies and advancements. After a tenotomy of the internal 
rectus, for example, the tenotomized muscle retracts but is probably 
held in place by the check ligament. After the muscle becomes 
reattached, the are through which the eyeball can be rotated is 
much diminished, partly because of its reattachment nearer to the 


y Opes 
Fig. 9.—Schematic view of a horizontal section igh the right orbit to illustrate 
the fascia of the orbit 
The fascia bulbi or capsule of Tenon is sin by A, its anterior part and P, its 
posterior part. The fascial sheaths of tẹ muscles are marked by S, and their off- 


ial ‘‘check ligaments.” 


shoots form C, the lateral and H, the 
The drawing also illustrates cert ints in the anatomy of the eyelids, M.T. 
itfits two limbs passing in front and behind 


being the medial palpebral ligamęr 
the fossa for the lacrimal sac, RS Seing the lateral palpebral ligament, and R the 
lateral palpebral raphé. (Cou Y of Whitnall and Oxford Medical Publications.) 


equator of the glok@,but more especially because the check ligament 
already taut, c admit of much greater extension of its elastic 
fibers. AgeaG@astlt, therefore, of tenotomy of the internal rectus 
there m NY permanent insufficiency of converging power and 
aig se work is apt to be most uncomfortable and in instances 
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impossible. The action of the check ligament, after a muscle 
advancement, aids, or at least admits of an increase in the rota- 
tional power of the muscle. This is in marked contrast to the 
crippling effect produced by a tenotomy. It furnishes the thought- 
ful ophthalmic surgeon with much evidence in favor of advance- 
ments or resections and against tenotomies, a question which is 
dealt with more fully in the section on the Operative Treatment 
of Concomitant Squint. 

Ocular Muscles.—Six muscles control the movements of the eye- 
ball; the four recti, superior, inferior, external and internal, and the 
superior and inferior obliques. Although the levator of the lid is 
not attached to the globe, it is associated with the movements of 
the superior rectus and will, therefore, be described with the 
ocular muscles. All of these muscles, with the single exception of 
the inferior oblique, have a common origin. 


Sup Recr 


ioe INF RECT. „O 
Fig. 10.— Diagram illustrating the origin of the A Qla: muscles, from the 
annulus of Zinn, and their relation to the optic foram 1d superior orbital fissure. 


(Courtesy of W aa ull and Oxford Medical Public gO >) 


The Annulus of Zinn.— This circ pÇ nen of Zinn is attached 
at the extreme apex of the orbif ¢ id the optic foramen, above, 
to the inner side and below, gaNpartly to the outer side; but in 
addition it spans the super ‘bital or sphenoidal fissure and is 
attached to the anterior Rs limits of this fissure. It is oval in 
its attachment and RNS) the passage of nerves and vessels which 
gain entrance to th it thr ough the optic foramen. As pointed 
out by WhitnallfCes+rally it is in direct relation to the dura mater 
tinues to form the covering of the orbital portion 


as this structure ¢ 
of the optic Re. 
The taal eet muscles have their origin from the annular liga- 


mentAdeely surrounding the optic nerve. Above and to the outer 
side a part of this ligament are the attachments of the elevator 
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of the upper lid and the superior oblique. ‘The structures which pass 
through this ring-like tendon are the optic nerve and ophthalmic 
artery embedded in the sheath of the nerve, and branches of the 
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Fic. 11.—Origin of muscular funnel and tif&relational anatomy at that position, 
looking at it from the front. (1) External Fak) 10oWwing its single head. (2) Lacrimal 
branch of the trifacial. (3) Lacrimal Og) Frontal nerve. (4a) Supra-trochlear. 
(5) Superior division of oculomotor nerye o Superior rectus, with levator palpebræ 
just above it. (7) Trochlear nerve. SOs oblique. (9) Nasociliary. (10) 
Infratrochlear. (11) Internal reetu Branch of oculomotor to rectus medialis. 
(13) Ophthalmic artery. (14) Se nerve. (15) Long ciliary nerves. (16) Inferior 


rectus. (17) Inferior oblique. Nerve to inferior gee (19) Ciliary ganglion. 


(20) Long ciliary branch A Abducens nerve. 22) Ophthalmic vein, if in a 
single root, it generally er s through the BARE innet (After Goldnamer’s 


“Anatomy of Eye ne bie D 


carotid plext& ee sympathetic. To the outer side of the optic 
nerve uN \ structures which pass through the sphenoidal fissure, 
l 


the thic 
SÑ 
~~ 


xr oculo-motor nerve, the sixth or abducens, the naso- 
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ciliary branch of the fifth or trigeminal, and usually the superior 
ophthalmic vein. It is to be noted that the fourth or trochlear 
nerve is the only one of the ocular nerves which does not gain 
entrance to the orbit through the annulus of Zinn passing through 
the sphenoidal fissure externally to the ligament. All the structures 
enumerated are compactly gathered together in this comparatively 
small space and are in intimate relation with the origin of the muscle 
cone and the muscles themselves in the early part of their course. 

Superior Rectus.— In common with the other muscles, the superior 
rectus has a narrow tendinous origin from the annulus of Zinn, 
an elongated fleshy belly of muscle tissue which terminates in a thin 
tendinous expansion which is inserted into the sclera about 8 mm. 
posterior to the sclero-corneal junction and in front of the equator 
of the eyeball. - Its tendon is 5.8 mm. long and 10.6 mm. in breadth. 
Its total length is 41.8 mm. In the beginning of its course it is 
intimately associated, in the same muscle sheath, with the levator 
palpebre superioris and is closely associated with the movements 
of this muscle. It is the longest and weakest of the recti muscles. 
When the eyeball is in primary position it acts as an elevator 
because of its attachment in front of the equator. As its general 
direction forms an angle of 23 degrees with the antero-posterior 
axis of the eye, it also rotates the eye to the nasal side and tilts the 
upper end of the corneal meridian nasalward (intorsion). It is 
supplied by a branch of the third nerve. 

Inferior Rectus.— The inferior rectus has its origi 
part of the annulus of Zinn, passes forward and 
general direction as the superior rectus, hu 
eyeball ‘and is inserted, by a tendinous 
and 9.8 mm. broad, into the sclera 6 
sclero-corneal junction. Its tot 
attachment of the superior rectys, convexity is forward and the 
center of the tendon is ian the nasal side of the vertical 
meridian of the eyeball. ttirns the eyeball down and in and 
rotates the upper end of t rneal meridian templeward (extorsion) 


Through fibrous “own attached to the conjunctiva of the cul- 


m the inferior 

yard in the same 
e equator of the 
nsion, 5.5 mm. long 
“posterior to the inferior 
th is 40 mm. Like the 


de-sac and the inferj rtilaginous plate of the lower lid. Through 
these Bia ei ears a similar relation to the lower lid that 
the superior es" S does to the upper. It is supplied by a branch 
of the thirdwerve. The muscle planes of the superior and inferior 
recti are ‘tically the same, forming an angle of 23 degrees with 
ric axis of the eyeball. To be absolutely accurate, there 


the Qos 
N slight difference in the direction of the muscle planes of these 
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LAVATOR PALPEBRAE SUPERIORIS 
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Fia, 12.—Diagrams in which the ocular muscles are viewed laterRy thd from above. 
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Fie. 13.— Dian Amshowing the muscle planes of the superior and inferior recti in 
\ ‘elation to the antero-posterior axes of the eyes. 
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two muscles, but for practical purposes and in order to avoid con- 
fusion, they may be considered as identical. In combined and 
equal action of these muscles, therefore, the vertical pull and the 
forces which tilt or rotate the cornea are neutralized and the resulting 
deviation is that of internal rotation. 

Internal Rectus.— The internus has its origin from the inner side 
of the ligament of Zinn. It passes forward parallel and close to 
the inner wall of the orbit to the equator of the eyeball, remaining 
in contact with the globe to its attachment 5.5 mm. from the sclero- 
corneal margin. The tendon is 10.3 mm. broad and 3.7 mm. long. 
Its length is 40.8 mm. Itis the heaviest, thickest, and most power- 
ful of the four recti muscles. It is supplied by a branch of the third 
nerve. It rotates the eye inward and, when normally attached, 
has no torsional action. 

External Rectus.—The external rectus is said to have a double 
origin, from the ligament of Zinn proper and the lateral wall of the 
sphenoidal fissure. It, however, virtually has but one attachment, 
namely, from the outer side of the ligament of Zinn where this 
tendon spans the sphenoidal fissure. The muscle passes forward 
and outward close to the outer wall of the orbit to the equator of 
the eyeball and is attached to the sclera by a tendon 8.8 mm. in 
length and 9.2 mm. in width, about 7 mm. from the outer limbus. 
The length of the entire muscle is 40.6 mm. It is supplied by the 
abducens or sixth nerve. It rotates the eye to the temporal side 
and has no torsional action. 

It will be noted that the four recti musc e approximately 
40 mm. in length. The internal rectus is eaviest and thickest 
in its fleshy part; the external rectus is-s8ednd and inferior rectus 
third; the superior is the lightest in Yle structure. 

In the length and breadth of D) recti tendons and the exact 
point of attachment to the A here is much variation. As 
given above, the distances fr he cornea are, in round numbers, 

5.5, 6, 7 and 8 mm. for tl ene ernal, inferior, external and superior 
respectively. The cas ires of Fuch’s which are pretty generally 
accepted are 5.5 mn. O m., 6.9mm., and 7.7 mm. For practical 
purposes the figur A 7 and 8 are ae remembered. In tendon 
breadth the nigas is of Fuch are also accepted, 10.3 mm., 
9.8 mm., 9% oi and 10.6 mm in the order as given above. Merkel’s 

of the length of the tendons are 3.7 mm., 5.5 mm., 


oe eee 
8.8 NY 5.8 mm. 
SOP tees of the superior and inferior tendons practically all 
gò There has crept into text-books, however, much variance in 
~O 
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the lengths of the internal and external recti tendons. As this has 


a distinct bearing upon advancements, resections arid tendon 
transplantations for the correction of concomitant and organic 
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Fa. 14.—Spiral of insertions of the recti muscles. (Courtesy of Whitnall and Oxford 
Medical Publications.) 


recti muscles according to Matais. (Courtesy of Whitnall 


Fig. 15.—Insertions of the ree seles ace 5 als 

N ad Oxford Medical Publications.) 
squint, ANS * should be corrected. The external rectus has the 
ee té 1, 8.8 mm., whereas the internal rectus has a tendon 


of 3. oO in length. 
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It should, also, be noted that the insertions of the superior and 
inferior recti vary some from the insertion of the lateral recti. The 
attachments toward the nasal side are further forward than the 
temporal edges, as shown in the accompanying diagram. 

In addition to the visible line of attachments, as shown in Fig. 15 
not infrequently tendinous fibers may be found to be adherent to 
the sclera as much as 5 mm. posteriorly. In muscle advancement 
operations, when the tendon is completely detached these fiber 
bands are frequently encountered. They are factors with which 
the surgeon must reckon. Defective rotations are encountered 
when rotational ability, for some reason, is less than would seem 
to be indicated by the line of the regular tendon attachment. ‘The 
pull of the muscle, as generally accepted, is from the posterior part 
of adherence to the sphere. Such attachments in tenotomies, if dis- 
regarded, may interfere with a maximum result and, on the other 
hand, they may save the surgeon from obtaining embarrassing results 
in the too frequent practice of this questionable operation, by pre- 
venting too great a retraction of a tenotomized muscle. 

The Superior Oblique.—The superior oblique arises from a slender 
tendon to the inner side of the optic foramen, from which it is sepa- 
rated by the internal rectus, from the angle between the ligament of 
Zinn and the orbital periosteum. According to Whitnall, it may also 
be attached for some distance to the inner wall of the orbit. The 
muscle belly is more rounded than the other muscles, passes forward 
in the angle formed by the superior and medigl ont walls. It 
follows closely the nasal wall of the ethmoi ove the internal 
rectus. _ Just before it reaches the orbital 1 fh it becomes tendi- 
nous and passes through a cartilaginous pwy known as the trochlea. 
After passing this ring it turns abrupt ckward forming an angle 
of about 54 degrees with its CY course, and continues out- 
ward and slightly downward, exfant#fig intoa flattened tendon which 
passes under the superior recti% be attached to the sclera on the 
outer and upper aspect te p The total length of the tendon 


is 20 mm. and its breadt the point of attachment, according to 
Fuchs, is 10.7 mm. J Puchs and others the width is found to 
vary. The dist N rom the cornea to its anterior edge has 
been found by Cae investigators to vary from 14 to 17.9 mm. 
Its posteriqr edge is approximately 7.5 mm. from the optic nerve. 
The distayewNyetween the outer edge of the superior rectus and the 
anterio er of the superior oblique, Whitnall found to vary from 


0.5 N ìm. The two tendons, however, are occasionally found to 
be co 


>" 


nected by strands of connective tissue. 


PLATE II 
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Anterior View with Muscular Connections in and 
Around Orbit. 


(1) M. superior rectus; (2) tendon m. superior oblique; (3) pupil; (4) m. medial 
rectus; (5) iris; (6) sclera; (7) m. inferior oblique; (8) m. inferior rectus; (9) m. lateral 
rectus; (10) lateral horn of m. levator palpebre superior; (11) lacrimal gland showing 
the two lobes; (12 and 13) origin zygomaticus muscle; (14) origin infra-orbital 
muscle; (15) origin levator anguli oris muscle; (16) insertion pars m. lacrimalis 
(Horner’s muscle); (17) origin orbicularis oculi muscle; (18) origin corrugator 


supercilii muscle. (From Goldnamer, ‘“‘Anatomy of the Eye and Orbit.” Courtesy 
of The Professional Press, Inc.) 


Ge Eyeball from the Rear. 


Showing the in Ors of the muscles and their relations to each other and to the 
optic nerve, OA secondary insertions are indicated. (1) Optic nerve; (2) 
inferior obli N 3) external rectus; (4) superior rectus; (5) superior oblique; (6) 
internal N 7) inferior rectus. (From Goldnamer, “Anatomy of the Eye and 


Orbit.” Ny tesy of The Professional Press, Inc.) 
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It is supplied by the fourth or trochlear nerve which enters 
the substance of the muscle about 12 mm. from its origin. 

The trochlea or pulley consists of cartilage, 4 by 6 mm. (Whitnall) 
attached by its edges to the frontal bone by fibrous bands forming 
a ring through which the tendon plays. The tendon is invested 
with a fascial sheath which is attached to and ends at the trochlea. 
The trochlea has an endothelial lining but not a true synovial mem- 
brane (Whitnall and Macalister). 

The superior oblique rotates the eyeball down and out and 
causes the upper end of the corneal meridian to be rotated inward. 


A 


Fie. 16.—Diagram showing the planes of the oblique muscles in relation to the 


antero-posterior axes of the eyes. ~\ 


origin at 
epression on 
ymal fossa which 
at flattened, passes 


The Inferior Oblique.— The inferior oblique ha 
the anterior inferior angle of the orbit, from a sh 
the orbital floor, close to the outer side of the | 
housesthelachrymalgland. The muscle, so 
backward underneath the inferior rect rhich it is quite inti- 
mately attached by fibrous bands, ang iss#fserted into the posterior 
hemisphere of the eyeball by a sh ndon 2.6 mm. long. The 
line of its insertion is in the postegior hemisphere making an angle 
of 25 degrees with that of the sO oblique. Its posterior border 
is 5.2 mm. from the opti n hyperopic eyes and 7.1 mm. in 
myopic eyes (Whitnall) NA distance of its posterior margin 
from the position cofreónding to the fovea is 2.2 mm. Fuchs 
found the anterior margın from 17.3 to 19.1 mm. from the cornea. 
The anterior maz s) of the obliques are separated about 15 mm. 
while the pos margins are 11.9 mm. apart. 

LESES by a branch of the third nerve which enters the 


the middle of its posterior border, 
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From eyes front, the inferior oblique elevates the eye, turns it 
out and rotates the upper end of the corneal meridian out (extorsion). 

In comparing the action of the two obliques, it is best to dis- 
regard the muscular part of the superior oblique and to speak of its 
action as though it had its origin at the trochlea. With this method 
of orientation it will be noted that the two muscles have the same 
general direction. The inferior oblique, however, is attached farther 
back than the superior oblique and the origin of the inferior oblique is 
father forward than that of the superior. The muscle planes, 


ELEVATION. 
Sup. Rectus (III). 
Inf. oblique (III). 


Inf. Oblique (III). Sup. Rectus (IIT). 


Lat. rectus (VI). Med. rectus (III). 
Sup. rectus (III). Inf. oblique (III). 
x | 
ABVERSION. | : i Í ADVERSION. 
Lat. Rectus (V1). ——— PS ee > Med. Rectus (III). 


Sup. Oblique (IV). AT Rectus (III). 
Lat. rectus (VI). ed. rectus (III). 
Inf. rectus (III). Q Sup. oblique (IV). 

DEPRESSION. & 
Inf. Rectus (1 
Sup. oblique 


Fia. 17.—Scheme of movements of the A with the muscles that affect them. 
The predominant muscles are in capifalNetgers. The Roman numerals after the 
names indicate the nerve supply. gures of Whitnall and Oxford Medical 
Publications.) 


therefore, do not accura coincide, but for practical and clinical 
purposes their mu w nes are regarded as about the same, 
making an angle A out 51 degrees with the optic axis. They 
are direct oppdnegtS in their upward and downward pull and in 
torsion, the saperior oblique being an intorter of the vertical corneal 
meridian he inferior an extorter. In lateral action they are 
both .e al rotators. In synchronized action, therefore, the 
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ven ull and torsion are neutralized and their combined action 
resuNs in temporal rotation, 
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Levator Palpebræ Superioris.— The elevator of the upper lid, 
although strictly speaking not one of the muscles which move the 
eyeballs, is so inseparably associated with the action of the superior 

| rectus and its synergists, and at the same time is so intimate in its 
course, insertions and associations, that its description by Professor 
Whitnall will be closely followed. The muscle arises by a slender 
tendon from the lesser wing of the sphenoid to the outer side and 
above the optic foramen, being separated from the foramen by the 
superior rectus tendon, with which it is blended. As it expands 
into the muscle proper it passes forward and outward, in close con- 
tact with the superior rectus beneath, the fascial sheaths of the two 
muscles being intimately blended throughout the greater part of 
the muscles, and above it closely hugs the roof of the orbit to the 
orbital margin. The inner edges of the superior rectus and the 
levator are in the same plane, but the outer edge of the superior 
rectus extends considerably to the temporal side in the forward 
part of the orbit. 


FRONTAL NERVE 


K MAPONEUROSIS 


Oy I “SHEATH 
i ---LEVATOR. 


Fic. 18.— Dissection of the levator palpebræ superi m above in right orbit. 
The muscle is shown drawn backward and down make tense the transverse 
ligament formed by its sheath. The lateral atta atS of this ligament are seen 
on the medial side to the bone below the raya ique muscle, to its pulley, and 
by a thin slip of fascia to the margins of the -orbital notch; on the lateral side 
to the stroma of the lacrimal gland and also Ł irect insertion to the bone. (Cour- 
tesy of Whitnall and Oxford Medical Pu tions.) 


palpebral aponeurosis w is the expanded tendon of the muscle 
spreads at the margif ofthe orbit and descends over the glove on 
either side, in archslik® expansions, the outer and inner “horns” 
which are attache the outer and inner angles of the bony orbit 
(Fig. 18). RA atral or main aponeurotic expansion is attached 
TANN throughout the free border of the lid, the fibers 
passing aiNerior to the cartilaginous plate. The length of the 
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Attachments.— The vee a three-fold attachment. The 


38 ANATOMY AND PHYSIOLOGY 


aponeurosis is 7 mm. and the thickness about 0.5 mm. It is of 
importance to emphasize the fact that the tendinous or main attach- 
ment of the muscle is cutaneous and precartilaginous. By these two 
attachments, the cutaneous and the osseous, two spans or cavities 
are created, the ‘‘pretarsal’’ which lies between the cartilage and the 
aponeurosis, and the “‘preseptal,” which lies between the aponeurosis 
and the septum orbitale and the fatty cushion of the eyebrow above. 

The osseous portions of the attachments are equally interesting 
and of clinical importance. The inner fibers are attached to the 
bony orbit. In its course, its fibers are in contact with the reflected 
tendon of the superior oblique muscle, finally reaching the internal 
palpebral ligament. The outer “horn” is better developed, “cuts 
into the tarsal gland” and below the gland is inserted into the 
orbital tubercle of the zygomatic bone. 

The third attachment is that made with Miiller’s muscle, the 
involuntary muscle of the lid. These fibers were described by 
Müller in 1859.1 The muscle consists of red fibers about 10 mm. 
in width antero-posteriorly which have their origin in elastic tendons 
from between the inferior part of the striated structures of the 
muscle and are attached to the upper edge of the tarsal plate by 
similar elastic fibers. Less well developed, but demonstrable, are 
similar fibers in the lower lid. These fibers are supplied by the 
sympathetic system, probably, as suggested by Whitnall, from the 
cavernous plexus. At all events, it enters into an important syn- 
drome which is caused by cervical sympathetic irritation or destruc- 
tion, a widened palpebral fissure in the former tdsis of a moder- 
ate degree in the latter instance. 

In addition to the three-fold attachm this muscle there is 
an attachment between the fascial sh of the levator and the 
superior retro-tarsal folds of the ctiva or fornix. 

The levator is supplied by theNagAnch of the third nerve which 
is first distributed to the pee muscle. This adds another 
link to the synchronous actipnéf these two muscles. 

The levator palpebre veer elevates the upper lid and because 


of the connection of x al sheath with the superior conjunctival 


fornix, the conjun is elevated at the same time. It is probable 
that the geat Blopmen of the outer osseous “horn” attach- 
ment, causes, greater restriction of upward movement of the lid 
in its oute] t, and accounts for the freer movement of the lid 


in its i alf. 


SY 
Y 1 Verhandlung an der P. M. G. in Wiirzburg, 1859, 9, 244. 
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In our clinical observations of the synchronous upward movement 
of the eyeball, the upper lid and the retro-tarsal conjunctiva, one 
cannot fail to be impressed with the anatomical arrangement which 
makes it possible. It also points the way toward the more frequent 
practice of the operation of Matais in selected types of paralytic 
ptosis. 

Abnormalities.—Abnormalities in the ocular muscles are not 
rare. Many undoubtedly go unrecognized in the operating and 
the anatomical rooms in dissections. They are due for the most 
part to improper cleavage of the mesoplastic tissues. Abnormal 
origins, abnormal distributions, total absence and imperfect devel- 
opments are recorded. Unusual forms of muscle imbalance may 
be due to one or more of these defects. Congenital types of paral- 
ytic squint are frequently due, either to a poorly developed or to a 
totally absent muscle. These cases as a rule are accompanied by a 
marked degree of facial asymmetry and unusual head postures. In 
other instances, careful dissections in the dissecting room may 
uncover abnormal off-shoots or supernumerary muscles which 
may or may not have played a role in some unusual muscular dis- 
turbance during life. 

As might be expected from the complicated character of the 
course and distributions of the attachments of the levator palpebre 
superioris, many abnormalities have been described. For the more 
minute study of these interesting abnormalities, the reader is referred 
to Whitnall on the Anatomy of the Human Orbit to other 
works on the anatomy of the eye. 

Blood Supply.—The source of the blood sup 
in common with most of the eye structur the ophthalmic 
artery, a branch of the internal carotid. muscular branches 
are, as a rule, two, which divide quite to supply the muscles. 
The inferior branch supplies the in fay noe the inferior rectus, 
and the inferior oblique. ‘The oe trunk sends branches to 
the superior rectus and the ater to the external rectus and the 
superior oblique. ‘These m ar branches. finally become the 
anterior ciliary arterie% = the exception of the external 
rectus, which has but DÀ ciliary branch; the recti muscles are 
accompanied in eee part of their course by two ciliary 
branches which pen®eate the sclera about the point of attachment 
of the recti mu O to the sclera. This fact is worth remembering 
because in t Qpinies there usually is quite free bleeding when the 


tendon i SS eted. 


the muscles, 
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| Veins.— The blood from the eyeball and its adnexa is carried off 
| by the ophthalmic vein which empties into the cavernous sinus, 

| second by a free anastomosis of the superior ophthalmic and the | 
HK angular vein, and third, through the inferior orbital fissure into the 
Hit || pterygoid plexus (Whitnall). 
| Clinically the venous course of the blood is of importance insofar 
| as the extra-ocular muscles of the eye are concerned, largely in | 
| connection with the pathological processes in the cavernous sinus 
| 


through which the motor nerves of the ocular muscles pass. l 
| Nerves.!— The motor nerves of the ocular muscles, including | 
MA the levator of the upper lid, are the third or oculo-motor, the fourth | 
or trochlear, and the sixth or abducens. In order to thoroughly | 
appreciate the complex symptomatology of ocular muscle palsies 
as well as the innervations which originate in the brain cortex, it l 
| will be necessary to follow most minutely each nerve from its nuclear | 
HI source, through the fasciculi which make up of the nerve trunk | 
II proper; its exit from the brain, its intracranial course, through the | 
| cavernous sinus, through the supra-orbital fissure, through the orbit . 
. 
| 


| and finally its distribution. While this method of study may seem 
to lead us far into the field of anatomy and perhaps into neurology, 
Ii | _ a shorter and more direct method of approach can only lead to diff- 
| culties in accounting for and explaining many obscure forms of 
palsies of the ocular muscles. 
| Oculo-motor Nerve.— The third cranial nerve, also called the 
II oculo-motor, has a nuclear origin which is as complex as its wide 
MH || distribution to the superior, inferior, and ries , the inferior 
| 


il oblique and levator of the upper lid as well as b es through the 
ciliary ganglion which supply the ciliary oe. and the sphincter 
Wl of the pupil. This wide distribution, givin o a varied symptoma- 
i | tology in disease, is simplified by ew nuclear centers 
HHI which together are known as the AD Q; the third nerve. 

a The nucleus lies in the upper fer b) ae cerebral peduncle, just 
MH beneath the floor of the Oe t of Sylvius, extending about 
ai 5 mm. from the posterior pa pf the third ventricle to the anterior 
| end of the third ventricle(_ Xn its lower part it is in close relation 
AH with the nucleus of t ae h or trochlear nerve. The right and 
Hil left nuclei of the tl nerve are somewhat separated above but 
HI they are in closer\elation below, where each also is in contact with . | 
| i the median longyudinal bundle of the corresponding side (Fig. 19). | 
Wl The nucleayyNiss consists of a larger lateral collection of centers 


+ 
| | X 1 Closely following Professor Whitnall’s text. 
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which supply the extrinsic muscles referred to above and two more 
centrally located and smaller masses which are destined to supply 
the intrinsic muscles of the eye. The upper or anterior center of this 
latter group is known as the Edinger-Westphal nucleus. The 
inferior intrinsic nucleus is centrally located and is found with its 
fellow nucleus from the other side. Investigators are not thoroughly 
in accord as to the exact serial position of the lateral centers which 
supply the extrinsic muscles. The disagreement, arising from a lack 
of accurate knowledge on this anatomical phase, is due to the fact 
that experimental studies can only be made on lower animals and we 
have no assurance that the same anatomical arrangement found 
in them applies to man. The schematic drawing given below, after 
Bernheimer, is the arrangement usually accepted. 


Fig. 19.—Scheme representing the constitution of the on’ or nucleus, modified 
after Bernheimer (1904). The nuclei of both oS ares Ce of Whitnall 
and Oxford Medical Publications.) 


The determination of the interc OE between corre- 
sponding nuclei on each side is als anded with difficulties. The 
majority of the nerve fibers fror nuclei pass out on the same side 
on which they originate bųt is some communication at least 
between the lateral nuc the inferior recti and the internal 
recti. It is generallyfSupposed that the fibers from the nuclei of 


the superior recti and%h€ levators pass directly without communi- 
cation; that the i al recti have direct and communicating fibers 
while the fibers e inferior recti are all communicating or crossed. 


SERS 1 with other structures in the brain generally 
accepted (1) With the anterior corpora quadrigemina; (2) 
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with the motor centers in the cortex—the conjugate centers for eye 
movements; (3) through the superior cerebellar peduncles with the 
cerebellum; (4) with the trochlear, abducens and vestibular nerves. 
Some of these communications in the latter group are probably 
through the median longitudinal bundle with which it is in contact 
in the lower part of the nucleus. The synchronous action of the 
external of one side and the internal rectus of the other presupposes 
that there is communication between the third and sixth nuclei, 
probably also through the same median longitudinal bundle. In 
addition, fibers from the third nerve nucleus apparently “enter 
the upper facial nucleus, and take part in the innervation of the 
orbicularis palpebrarum” (Bing). This fact is established, accord- 
ing to the same author: (1) By “paresis of the orbicularis which 
accompanies nuclear lesions of the oculo-motor nerve;” and (2) by 
‘the upward turning of the eyeball which takes place simultaneously 
with closure of the lids.” 

The fasciculi arising from the nuclei on the same side and from 
some of the crossed fibers from the nuclei on the opposite side, 
pass through the median longitudinal bundle, cross the tegmentum 
of the pons, the red nucleus and emerge on the inner side of the 
cerebral peduncle to form the nerve trunk proper. 

The trunk has its origin in the interpeduncular space above or 
anterior to the pons, usually by two branches or fasciculi separated 
by a small branch of the posterior cerebral artery. In the intra- 
cranial part of its course to where it passes through the dura to 
enter the cavernous sinus, it has a length out 25 mm. It 
is closely invested by the pial membrane a s between the pos- 
terior cerebral and the superior cerebel teries, a clinical fact 
of much importance. Q 

As it enters the cavernous sin, N ter piercing the dura, it 
lies in contact with the anterior 1 process of the skull. In the 
cavernous sinus it is buried if& th® lateral wall above the trochlear 
nerve but beneath this nerv it makes its exit from the sinüs to 
enter the orbit through t@% superior orbital fissure. At this point, 
it divides into a supe na inferior portion, each of which passes 
through the ligam inn within the muscle cone. Along with 
the abducens K) and other structures it is compactly crowded 
together in E muscle cone, about 3 mm. in diameter. 

In the orb the branches separate; the superior or smaller branch 
passin Nard over the inner edge of the optic nerve to enter 
oN ior rectus muscle. After supplying this, it passes on to 


su the levator palpebre superioris which lies above the superior 
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rectus. The inferior or larger branch, after supplying the internal 
and inferior recti, passes forward beneath the optic nerve to supply 
the inferior oblique. The branch which terminates in the inferior 
oblique, sends a strong motor root to the ciliary ganglion. 

From an anatomical standpoint paralysis of the oculo-motor 
nerve has special interest. In addition to the cause of its paralysis, 
in which any or all of the ocular muscles may share, certain anatomi- 
cal relations have a special interest. Aneurysm of the posterior 
cerebral or superior cerebellar arteries may cause paralysis because 
of its position in the angle formed by these two vessels. Similarly 
the posterior communicating artery, which connects the posterior 
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Fra. 20.—Diagram of the oculo-motor nerve, with igg Gehes. (Courtesy of 
Whitnall and Oxford Medical Pu 10Ns.) 


cerebral with the internal carotid in OY. the circle of Willis, 


may cause compression. Aneurysn he internal carotid has been 
accompanied by oculo-motor sy. Whitnall sees a possible 
explanation of cases of recu oculo-motor palsy in vascular 


spasm or paralysis of th V otor nerves of these vessels which 
may cause distention N vessels and secondarily compression 
of the nerve. 

Its intimate on to the aes clinoid process makes it 
vulnerable to p “Sis in fractures of the base, while its relation to 
the a is when the sinus extends under the optic foramen, 
ane cially susceptible to disturbed function in disease of 


this si ©) 
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The Trochlear or Fourth Nerve.— The trochlear is the motor nerve 
which supplies the superior oblique muscle. It takes its origin 
beneath the floor of the aqueduct of Sylvius opposite the upper 
part of the inferior colliculus or anterior corpus quadrigeminum. It 
is close to, but detached from, the lower part of the gray matter 


@ 
Fia. 21.—The base of the skull D 1 dura in situ, showing the nerve exits and position 
of sinuses. CURD i 1itnall and Oxford Medical Publications.) 


N 


which constitut¢ ! oculo-motor nucleus. The fibers from the 
nucleus run lateð®®Ħy and downward, decussate in part with corre- 
sponding fiba! the nucleus of the opposite side, emerge from the 
brain RE the inferior colliculus and wind around the cerebral 
Bede immediately above the pons. In this part of its course, 
a rging, it lies within the subarachnoid space, and runs 
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between the posterior cerebral and superior cerebellar arteries. It 
pierces the dura mater behind the third nerve and the posterior 
clinoid process (Fig. 21), and enters the cavernous sinus. It is 
beneath the oculo-motor nerve in the first part of its course in the 
lateral wall of the sinus, crosses and emerges from the sinus above 
the third nerve. It enters the orbit through the lateral part of the A 
superior orbital fissure, being the only motor nerve which does 
not enter the orbit through the annulus of Zinn and the muscle cone. 
Its course in the orbit is short, crossing the superior rectus obliquely, 
passing forward and internally, immediately beneath the periosteum 
of the orbital roof. Itis distributed to the superior oblique muscle. 

The intracranial course of the nerve is 40 mm. (Whitnall). Its 
close relation to the third or oculo-motor nerve renders it vulnerable 
to the same pathology to which the third nerve is subject. 

The Abducens or Sixth Nerve.— The sixth or abducens nerve, like 
the trochlear supplies but one ocular muscle—namely, the external 
rectus. 

The nucleus lies beneath the eminentia teres of the fourth ventricle. 
It lies centrally within the loop of the- facial nerve. Its fibers pass 
forward to the lateral side of the pyramidal tract after traversing 
the entire thickness of the pons and emerge at its lower border. 
The fibers do not decussate but are direct. | 

The central connections of the nucleus of the abducens nerve 
have important applications. These connections are _ķrincipally ` 
with the visual and motor cortical areas, with the nuc Lo he third, | 
fourth and vestibular nerves through the medial @ycitudinal fas- | 
ciculus. A connection also formed through Wẹ Same fasciculus 
“establishes communication with eye mow Qnts and equilibra- 
tion.” Through these communications OY are is formed 
between eye and head movements in re to vestibular stimula- 
tion of the nerve endings in the own canals, through which 
oscillation of the eyeballs may be\Aduced—nystagmus. A more 
direct communication throug 1G. e olivary nucleus explains the 
auditory reflex of eure A res in the direction from which a 
sound may eminate. nmunications between the third and 


sixth nerve nuclei are Zo nown, as pointed out by Bing and others, 


in bilateral spasm a1 ralysis. 

The nerve trur@,emerges from the lower edge of the pons and 
above the med@N oblongata, passes upward in close contact to the 
pons for SO m., then beneath the anterior inferior cerebellar 


artery f= netrates the dura mater centrally to the fifth nerve, 
h 


S to ¢heNnner side of the inferior petrosal sinus. It passes forward 
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through the notch between the posterior clinoid process and the 
apex of the petrous bone and enters the cavernous sinus to the outer 
side of the internal carotid artery. The nerve enters the orbit 
with the oculo-motor nerve, within the annulus of Zinn and the 
muscle cone, to be distributed to the external rectus muscle on its 
ocular surface penetrating the muscle in its posterior third. 


Sections of 
medial nerve 
(Center of 
ciliary muscle) 


Cilia ry ganglia 
to the inner 
eye muscles 


VI 


Sections of 

lateral nerve 
(Center of 

Sphincter muscle) 


Larger lateral | 
nerve 

1. for M. Lev. palps 

2 « Rect. sup. 

3.o o a int 

4 
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so ee Rect.inf 


Posterior of 
long bundle 


Pons Varolti 
(Pontine) 
(Central 
view) 


Vic. 22.—Innervation of the Ocular m s. III, Oculomotor nerve; IV, trochlear 
nerve; VI, abducens nerve. m Bing’s “Regional Diagnosis.’’) 


The exposed course Q Gove within the skull, its compression 
beneath the anterionNR ' cerebellar artery on the pons, and its 
long course ae No dura mater render the nerve peculiarly 
susceptible to i D brain tumors and particularly in fractures 
of the base ọfeæthe ull and in otogenic pathology. Paralysis of the 
sixth nerv irs in a large percentage of fractures of the base in 
the mid ssa, and in suspected fractures of the base, it is a most 
im} confirmatory symptom. In increased intracranial pres- 


RAN m brain tumors or inflammatory processes, paralysis of the 
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nerve is also frequently encountered. Itis not, however, a symptom 
of great localizing value in this instance, but rather an indication of 
increased intracranial pressure. The tumor may be remote from the 
nerve and at the same time cause sixth-nerve paralysis. Moderate 
contraction of the pupil on the same side as the paralysis of the 
sixth nerve, which is occasionally met, is explained by the branches 
of the sympathetic system which the nerve receives from the carotid 
plexus in the cavernous sinus. The distribution and the relations 
of these nerves and their nuclei are most graphically illustrated 
by Fig. 22, as suggested by Bing. 

Variations of the Ocular Nerves.— Variations of the ocular nerves 
which may have direct bearing on abnormal clinical phenomena 
occasionally met with, are chiefly the following as routlinog by 
Whitnall. 

In the oculo-motor nerve there may be abnormal branches which 
replace one of the other nerves. Such a branch, entirely or jointly, 
with the sixth may supply the external rectus, or an extra branch 
may supply the superior oblique. A branch may anastomose with 
the sixth. A branch from the inferior oblique may send a double 
supply to the inferior rectus. 

Variations in the fourth or trochlear nerve are recorded. Com- 
munications with the orbicularis, supratrochlear, lacrimal, and 
frontal nerves have been noted: 

The sixth nerve has been found totally absent on one ide and 
replaced by a branch of the third. The sixth nerv Pionally 
enters the orbit outside the annulus of Zinn. A eh to the 
superior rectus in addition to the supply from the Come recorded 
by Magath, 1919. For more detailed Bee ym the variation 
of the ocular nerves, the reader is refer QO hitnall’s Anatomy 
of the Human Orbit. 


PHYSIOL 
The eye may be regarded as a sOMere capable of limited rotations. 
The center of rotation is 10 1 n front of the posterior pole and 


13.5 mm. behind the anteri e (Donders). 

The geometric or optic Nin imaginary line which passes through 
the anterior and pos poles of the eye including the cardinal 
points of the Hone A A’ in Fig. 23. The anterior pole 
is supposed to b ated in the center of the cornea; the posterior 
pole to the insf{eof the macula. 

The vis te is the line which passes from the point of fixation 
0 to th > F in Fig. 23. It necessarily passes through the nodal 
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points K’ K”. The visual line and the geometric axis rarely coin- 
cide. As a rule, the optic axis is intersected by the visual line and 
the angle thus formed was described by Donders as the angle 
alpha (a). 

The line of fixation is the line which connects the point of fixation 
O and the center of rotation M in Fig. 23. This line may or may 
not coincide with the visual line. 

The line of sight is the line which passes through the point of 
fixation and the pupillary center. 


/ 


A 


Fic. 23.—A A’, optic axis, and in WN diagram, also the pupillary axis; O K’ K” F, 
visual line; O M, line of fixation; Dong axis of the corneal ellipse; M, center of 
rotation; K’ K”, nodal points of, lens; F, macula; O, point of fixation; O X E, 
angle alpha; O M A, angle ga ə O K’ A, angle kappa. 


Angles Alpha, antes and Kappa.— Angle Alpha of Donders, 
is the angle for y the intersection of the corneal axis and the 
visual line. Kecgntly confusion has been added to this question 
of angles, alggady complex by reason of numbers, by assigning the 
term angry pha to the angle formed by the intersection of the 
visual Nand the greatest axis of the corneal ellipse O, X, E (Fig. 
23 olt). These definitions of the original alpha of Donders, 
y he later angle alpha of Landolt, are entirely in harmony, 
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although the phraseology differs. ‘“To this” (the corneal center), 
says Donders,’ “‘in fact, the apex of théyélipsoid offth@vorned/corre- 


sponds.” 


E raTa n DTAMEDRY 
Angle Gamma (y).—Théangte! formed’ Oy ane nee of fixator tl 


0O M, and the optic axis A A’, or the anglédmitial, Liara | asthe 
angle gamma. na 

Angle Kappa of Landolt.— The angle formed by the intersection 
of the visual line and the pupillary axis or the line which passes 
through the center of the pupil, O K'A in Fig. 23 is known as 
angle kappa. In the diagram the optic axis and the pupillary line 
coincide. This angle admits of accurate measurement on the 
perimeter, has an important bearing upon the measurement of 
squint and may give the patient the appearance of a divergent or 
convergent squint when the angle is positive or negative as the case 
may be. In the interest of simplicity and clearness, it will be the 
angle considered in this work. 

Measuring of Angle Kappa.—The size of angle kappa is best 
determined clinically on the perimeter. The patient is seated 
with the eye under examination carefully centered on the fixation 
point of the perimeter, the other eye being properly occluded. A 
small electric light of a luminous ophthalmoscope is used as a point 
upon which the patient fixes, the position of the corneal reflex in 
the pupillary area is located, the observer being directly behind the 
light. If the reflex is to the inner side of the pupillaky center, 
the light is moved templeward on the arm of the | Sn er until 
the corneal reflex is found to be in the pupillary cen Ry The observ- 
ing eye moves with the light while the patient coxtwtes to fix in the 
first position. In this instance the angle ke fa) positive and the 
size of the angle is read off on the arm Ore perimeter. If the 
reflex is to the outer edge of the pupil, tHe lilt is moved to the nasal 
side until it reaches the pupillary cerer and the value of the nega- 
tive angle is determined. O 

Clinical Value of Angle Ka It is apparent at once that a 
positive angle kappa will gj a patient the appearance of a 
divergent squint and a Ki kappa will simulate a convergent 
squint. Furthermor iQ divergent squint is under investigation 
a positive angle kapha present, will tend to increase the angle 
of squint, and a eae squint will seem to be less than it really 
is to the extent © ìe size of the angle kappa. The converse is true if 
the angle R ive. In a majority of cases, a positive angle kappa 


S 1 On the Anomalies of Accommodation, p. 182. 
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is found in hypermetropia and a negative kappa in myopia. This 
is the rule but many exceptions are noted. 

The value of taking into account angle kappa rather than angle 
alpha of Donders, lies in the greater ease with which the angle kappa 
is observed and measured. 


Tig Vi 


: ‘ 
AO A 
Fic. 24.—Positive and negative angle kappa of a 


Ocular Movements.— The eyeball may moy, @y any desired direc- 
tion. When it revolves around the horiz ] axis in an upward 
deviation, the cornea turning up, the on@ erm is upward rotation 


or elevation; if downward, it is d ‘d rotation or depression. 
When it revolves on its vertical ,vit may rotate externally— 
temporal rotation; if to the nagie, the proper terms are internal 
or nasal rotation. Rotations possible in all oblique directions, 
up and out, up and in, d and out, and down and in. 

The term rotation, i 1 here for these various deviations in 
order to reserve thé duction for a phenomenon which arises 
in the use of pr} OQ aich will help to keep more clearly before the 
student’s mind difference between rotations and ductions.! 

Wheel Mojfp or Torsion.—In addition to the rotations already 
pe ‘any eyeball, by reason of the action of the oblique muscles, 


tinction is rarely observed in text-books and may not meet with universal 
Vinc surion Lops? SOs one if Samet and adopted the difference 
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and to a less extent, the action of the superior and inferior recti, may 
-turn on its saggital or antero-posterior axis in a wheel motion which 
is also called torsion. If the upper end of the vertical meridian of 
the cornea is turned outward or to the temporal side, the condition 
is extorsion; if turned to the nasal side it is intorsion. It is unfor- 
tunate that we do not have a better term to apply to this condition, 
because of the confusion which arises in the student’s mind in differ- 
entiation between this wheel motion or true torsion and false torsion 
to be described shortly. Temporal or nasal wheel motion might 
be used or better still, right and left wheel motion or rotation might 
be substituted, but either phrase is cumbersome as compared with 
intorsion and extorsion. In the use of the term torsion, the reader 
may infer that by it true wheel motion is meant and the secondary” 
torsion of Maddox will be called “false torsion.” von Helmholtz 
and his confreres recognized the confusion which arose because of 
these two conditions—true torsion expressing a movement of the 
eyeball around the visual axis, and false torsion, a position of the 
eyeball rather than a movement. In the third volume of von Helm- 
holtz’s Physiological Optics, many pages are devoted to clarifying 
the differences, but the uninitiated reader finds “rolling” and “wheel 
motion” practically the same. The author believes “true torsion” 
and “false torsion” will be more differentiating and fairly descriptive 
of the two phenomena. 

False Torsion.—Simple rotation in any one of the cardħal direc- 
tions is easily understood. These rotations are accords d with- 
out any torsional movement of the vertical meridj yi the cornea. 
Any oblique rotation, between two cardinal dire@Sohs is the result 
of the compounding of two cardinal rotat ànd each oblique 
movement is accompanied by a defini Pree of false torsion. 
Donders recognized this fact. 

Donders’ Law.—Donders, therefor Séormulated the following law: 
“For any determinate position of line of fixation with respect 
to the head, thereto correspo B a determinate and invariable 
angle of (false) torsion, a vs dependent of the volition of the 
observer, independent aN the manner in which the line of 
fixation has been bro zito the considered position.” 

Listings Law.— A further is expressed in Listing’s law which 
is as follows: X n the line of fixation passes from its primary 
to any other px m, the angle of (false) torsion of the eye in this 


second poygqeQns the same as if the eye had arrived at this position 
by DNN a fixed axis perpendicular to the first and second 
positions of the line of fixation.” The law is concisely stated and 
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needs little explanation. Itis a provision of Nature, to enable the 
eye to reach any oblique position by the shortest possible route, 
saving thereby, time and energy and gaining speed. It does not 
imply that in passing from primary to secondary position, the eye 
always follows exactly the same direct course. There may be some 
variation. It does definitely state, however, that the angle of false 
torsion always is as though this direct route were followed. 

Proof of the Laws of Listing and Donders.— Two experiments will 
aid the student to grasp quickly the real significance of these two 
laws. 

In a dark room, place a candle on the wall opposite the eye of the 
observer. The observer looks intently at the light for a few seconds 
arid then rotates the eyeup and tothe right. The tract of the after- 
image is readily observed in a graceful curve upward and to the 
right until the after-image is plainly seen at the end of the line of 
fixation up and to the right. These lines, whether up and to the 
right or left or down and to the right or left, are not as a rule per- 
fectly straight, but very slightly curved as shown in the diagram. 
The lines form the outlines of a sheaf of wheat. They are 
sufficiently straight, however, to clearly indicate the path followed 
by the eye in passing from the primary to the secondary oblique 
position. If instead of a dot of light, a line of light is used, the 
experiment will in a measure show what the second experiment 


to a wall vertically, with the center of the ri the height of 
the observer’s eye. The observer should Ka foned some distance 
across the room and should fix attentively, ve center of the ribbon 
for a number of seconds. The eyes pore rotated up and to the 
right or left. If to the right, the E) id of the after-image will be 
observed to lean to the right. he eye is carried to the left, 
the after-image will incline t left. When the eye is carriéd 


down and to the right, Ko end of the after-image will incline 


will show more clearly. 
Second Experiment.—A red ribbon, two feet inet is fastened 
oe a 


to the left and, if down to the left, the upper end of the image 
will lean to the righ GF e eye is carried repeatedly to the same 
secondary point oly ion, the degree of inclination will always be 
the same (Fig. Q6 

The degregzef torsion indicated by this experiment is somewhat 
exaggerat Cause the wall at the point of secondary fixation where 
the ab RO is seen is not perpendicular to the line of fixation. 
Ar *atus devised by Maddox probably gives one a better idea 
y © torsion than can be conveyed by words alone. The appara- 
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tus consists of a round disk of card-board, from which a rod protrudes 


at the center, perpendicular to its surface. To the end of the rod is 
attached a string which suspends a weight (a plumb-line). 


A B 
L 
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Fic. 25.—The lines form the outline of a sheaf of wheat. 
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rey .—Second experiment. 


In Fig. 27, N represents the eye in primary position. Only 
the end of they ended rod is visible, and the plumb-line cuts the 
disk at 0 d@é@ below. In No. 2, the eye is turned up and to the 
right, N ig apparently equal and opposite inclinations of the 
A and vertical meridians with reference to the fore-and-aft 


54 ANATOMY AND PHYSIOLOGY 


= e e 
—_— 


Tim 


Fig. 27.—The Mad@ox torsion calculator: No 1, the eye in its primary position. 
No. 2, the ARE ag up and to the right, showing equal and opposite inclinations 
of the horizo, and vertical meridians with reference to the fore-and-aft axis of 
the head. eo. the eye looking as in No. 2 but showing equal similar inclinations 


of AN idians to the patient’s right with reference to the fore-and-aft axis of 
the € NS 


). 4, mode of reading same. (From Maddox’s ‘‘Ocular Muscles.’’) 
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axis of the head. The observer’s eye has remained in the same posi- 
tion to observe as in No. 1. 

To all appearances, the eye as it were is twisted to the left. In 
order, however, to obtain a proper view of the torsion, the observer’s 
eye should be moved into a position so that the observer’s line of 
vision will coincide with that of the protruding arm, as shown in 
No. 3. In this position, it will be noted that the vertical meridian 
has been twisted to the right and the degree of false torsion may be 
read from the scale at the point where the plumb-line crosses the 
scale on the rim of the disc below. 

The following scale of false torsion from 5 to 40 degrees is taken 
from von Helmholtz’s Physiological Optics, vol. 3, p. 49. 


| Elevation. 
Lateral pe ate LEN pt 
Rotations 

Be, 10°. 15°. 209.37 S252: 30°. 35°, 40°. 

5 degrees . 13’ 26’ | 40’ B30 | 10 7 a Whe Bhar a eee 

OA A hee ae BBN Le Oe Le AOC Oo Te MBO ate les UO Meade 

Sy aN OK, 4h!) 4°19") 2 69" | Be 40" | 39 21! PAM 2 A ab epee! 

ibaa nate hae 53 | T9466 9° 40f- | 8994" 49°99" "| 5° Bae BO Bo ieee 

Ope E E WEL gee Les Be ONL A285? 88), 6° Ae | mie. OO O 

BON e881" 29d 429". | BOOB Ge as!) S913" ESAT E 

Bett oa Aa? BB 8OI10" A? 45! 116%. 22! WS? OO 4,99 B0 Lo aU at eae, 

/ AO EA 84g" | 3°39" | 59.99" 17 oO" OS 14/1949 SIEIS o ON oS, 
False torsion is of considerable interest from og desinentl 

standpoint, but inasmuch as it is not of vital imp@y ) Ne clinically, 
the interested reader is referred, for a mor Orr study, to 


Maddox on the Ocular Muscles, to von HRO z and other books 
on physiological optics. 

Primary and Secondary Positions of SOR eee position 
is the position, best expressed by th&phfase “‘eyes front,” a position 


from which the line of fixation n e moved up or down, right 
or left, without tilting or tor: of the vertical meridian of the 


cornea. The phrase “ey es when used in this text will indicate 
primary position as des 7 

Secondary positig be any other position than primary, 
which the line of fifatipbn may take. 

Action of Indi al Ocular Muscles. — Individual ocular muscles 
never operate Ren Vv but in response to innervations in which several 
or all the es share under the codrdinating influences of the 
brain. SS S external and internal recti operating singly are 


oN rotating the eye about an axis perpendicular to the visual 
Ji 
IA 
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axis. The individual action of the other muscles, because of their 
peculiar attachments and the directions of their muscle planes, 
if operating individually will rotate the globe about an axis far 
from the perpendicular. Acting, however, under innervational influ- 
ence, and cerebellar coördination, movements are executed by the 
combined action of several muscles about an axis which always is 
perpendicular. 


Fia. 28.—Ophthalmotrope, desig Py the author and Dr. Edwin B. Miller, with 
diagram showing the iy the ocular muscles from ‘‘eyes front.” 


Notwithstanding Ne a knowledge of the action of each mus- 
cle, from an andtoyNtal standpoint, is essential, in order to fully 
appreciate the. paft played by each muscle under innervational 
influence in, G iting rotations. Furthermore, it is impossible to 
clearly , ¢ ve of the action of an individual muscle from its 
mech attachments and direction of its muscle plane without 

N the effect upon such action, caused by its relation to the 
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capsule of Tenon and the orbital fascia in general. These have a 
modifying influence with which one must reckon. 

Insertions.. The insertion spiral of Tillaux (Fig. 14), of 5, 6, 7 
and 8 mm. in round numbers, indicates the relative distance from 
the cornea of the internal, inferior, external and superior recti 
muscles. By this insertion spiral, the internal rectus has the great- 
est mechanical advantage in purchase, and the superior rectus the 
least. 

Arc of Contact.—The force of each muscle when applied to the 
globe is a tangential force and is exerted from the point of contact 
which changes constantly as the eyeball is rotated. In ‘‘eyes 
front,” the arc of contact of the internal rectus, for example, extends 
from the equator to within 5 mm. of the cornea. Maddox has 
estimated a rotating power of 36 degrees before the attachment of 
the muscle is ready to leave the contact of the globe. The internal 
rotating power of the average eye is from 47 to 53 degrees. The 
difference, therefore, between the estimated rotational power of 
36 degrees and that actually encountered clinically, is explained by 
Maddox by the influence of the attachments of the muscle to the 
capsule of Tenon, by which the tendon is held in contact to the 
globe longer than if it were free from all attachments to the capsule. 

The are of contact enters into the question of tenotomies and 
advancements in the correction of squint. The shortening of the 
arc of contact in tenotomy of the internal rectus, fox \example, 
explains in part the reason for the patient’s inabilit fo nverge 
after a tenotomy. It furnishes a valid reason i elf why the 
internus should not be subjected to a tenotomy e presence of 
good central vision in both eyes. Increasin Q Lire of contact by 
an advancement operation increases th ntial power of the 
muscle and is constructive surgery in th rection of squint. The 
exceptions to this rule will be dealt Syit in the section on Con- 
comitant Squint. 

Primary and Secondary or S Gigiary Functions.— By returning, 
for a moment, to the anatomyAgthe ocular muscles, we will recall 
that the superior and infex Qidi have a common origin medially 
to their insertions. ‘Dh rections of the muscles from origin to 
attachments, form den e with the optic axis of 23 degrees, and 
according to Langalt, 27 degrees. If the superior oblique be 
considered as | Whig its origin at the trochlea, from whence its 
pull must bo nated, the origins of the two obliques are even 
more may situated than those of the vertically acting recti. 
Their Ay form an angle, with the optic axis, of 51 degrees. It, 
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I therefore, follows that, unlike the external and internal recti, which 
have but one action (lateral rotation), the vertical recti and the two 
obliques, in addition to their vertical pull have other functions. 
| The vertical recti, because of their medial origin and forward inser- 
| EG: tion, must necessarily be internal rotators. The obliques, because 
of their even greater medial origins and forward pull, and their 
| posterior insertions are external rotators. 
| Furthermore, because of the medial origin and their medial pull, 
the superior rectus and superior oblique by reason of their attach- 
: ment to the upper part of the globe rotate the vertical meridian of 
the cornea to the nasal side. The inferior rectus and inferior 


oblique, for the same reasons, by virtue of their inferior attachments 
to the glove, rotate the upper end of the vertical meridian of the 
cornea to the temporal side. The former action is called intorsion, 
the latter extorsion. Manifestly, therefore, these several functions 
need classification into primary or major functions and secondary 
or subsidiary. 
The external and internal recti have but one action from primary 
i position. The resulting movement is either external or internal 
rotation. The action of these muscles is totally primary. When 
the eye is rotated up or down, a subsidiary action of each of these 
Ii muscles becomes an added function. 
| The superior rectus has, as its primary function, elevation of 
| the eyeball. Because of its medial origin and forward attachment, 
Hit as a subsidiary action, it is an internal te ecause of its 
Hil attachment to the upper part of the globe Q` cond subsidiary 


| 
| 


i action 1s intorsion. KS 
I The primary function of the inferior, is that of depression 
or downward rotation of the celal ecause of its origin and 
attachment, like the superior DO first subsidiary action is 
internal rotation; and N. attachment on the lower 
| surface of the globe its second@¥psidiary action is extorsion. 
Insofar as we have an the functions of the four recti it 
| is evident that the candi Staton up and down, out and in, are 
dominated in TPN ce by a single muscle. While other 
IN muscles share 2 O e rotations under innervational influence, 
| from an anatofnicgl standpoint, the superior rectus, for example, 
i is better Wwe to elevate the eye than any other muscle. The 
| same is tr, each of the other recti in their particular fields. 
M ES OF the advantageous origins and attachments of the 
ii] ob hey are better adapted to execute wheel motion or tor- 


ii J ae globe than any other muscle. To the obliques, therefore 
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torsion is assigned as a dominant function, with elevation or depres- 
sion and external rotation as subsidiary actions. In designating 
torsion as a primary function, we are not unmindful of the fact that 
these muscles have an elevating and depressing power, second 
only to the vertical recti. That their vertical pull is second to that 
of the recti, however, is undisputed even by those who claim that 
the vertical pull should be considered as a primary action. In 
assigning torsion to the obliques as a primary function and eleva- 
tion and depression as secondary, the author finds Maddox is 
entirely in accord. The reader may recall that the obliques are 
attached to the posterior and outer surfaces of the globe and that 
the muscle planes form an angle of 51 degrees with the median plane 
of the head. Their advantageous attachments, therefore, make 
them superior as torsion muscles to the recti which form an angle 
of 23 degrees with the median plane. This oblique angle of attach- 
ment also increases their power of external rotation. These two 
functions, therefore, are at the expense of their vertical pull. Fur- 
thermore, when we consider the number of rotations which the 
eyes execute outside of the median horizontal plane, the function of 
torsion assumes the proportion of a major role. For these reasons 
the author has committed himself to the policy of attributing to 
the obliques the major role of torsion. 


TABLE OF PRIMARY AND SUBSIDIARY ACTIONS OF INDIVIDUAL OcuRA® MUSCLES. 


Muscle. Primary action. Subsidiyry action. 
Internal rectus koe oo lc Lnternalirotation Noy 
External rectus . . . . External rotation 


morsion, 


Superior rectus . . . . Elevation : 
ek iternal rotation. /{6 
i : Internal rotation. pp. ¢ 
Inferior rectus tal ae. a a Depression i 
| Extorsion. 
) A j é Depression. 
Superior oblique . . ~  .  Intorsion { p 


| External rotation. 


Inferior oblique . . . . ratoni { Elevation. 


\ External rotation. 


Relation of Primary and $ 
tions are always at the ex 
versa. This is easily s X 
superior rectus. In 
the eye primarily at 


Jary Functions.—Subsidiary func- 
sof the primary function and vice 
, for example, in the action of the 
ry position, the superior rectus elevates 
fecondarily rotates it to the nasal side and 


intorts the cort When, however, the eyeball is turned out, the 
primary or cleat g power is increased and the subsidiary actions 
of intern t®tion and intorsion are diminished. When the out- 


ward ro N h reaches 23 degrees, and the muscle plane and optic 
axis co{ncide, the subsidiary actions of the muscle totally disappear 


> 
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and the kinetic energy of the muscular contraction is spent solely 
in elevation. On the contrary, if instead of external rotation, the 
eye is rotated from primary position to the nasal side or in internal 
rotation, the subsidiary functions of the muscle increase at the 
expense of elevation or the primary function. 

The same rule applies to the inferior rectus. For these muscles, 
therefore, the following rule is established. In external rotation the 
| vertical power increases. Conversely, in internal rotation torsion 
and internal rotation increase and the vertical pull diminishes. 

The general laws governing the relation of primary and secondary 
functions of the recti apply also to the obliques with modifications. 
The torsional or primary function as well as the power of external | 
rotation increase as the eye is rotated to the temporal side, and 
theoretically, reach their maximum when the eyeball has rotated | 
outward through an arc of 39 degrees at which point the vertical | 
pull becomes nil. When, on the other hand, the eye is rotated to i 
the nasal side, the elevating or depressing power increases and should 
reach its maximum when the eye is rotated through an are of 
51 degrees, while at this point torsion and external rotating power 
should entirely cease. i 

It will be noted, therefore, that the vertical pull of the recti 
muscles increases in external rotation and that of the obliques in i 
internal rotation. This is one of the important facts to be remem- 
| bered as it has a valuable clinical application in ¢he differential 


Ii diagnosis of palsy of the vertical muscles. It “also, help the 
| student to understand the significance of 4 the reasons for 


grouping the vertically acting muscles Oo and left-hand 
elevators and depressors. 

In Fig. 29 an attempt is made to c xO; the reader a diagram 
of the action of the individual O clés from primary position. 
This figure will be referred to t out the text and, if properly 
fixed in the reader’s mind, x simplify many of the otherwise 
complex problems with whi¢, one is brought face to face in a study 
of ocular muscle Roe, he anatomical method of recording 
is followed. Right t refer to the patient’s right and left. 
| It is the logical ma \ which a patient is examined, the examiner 

standing in frot gand facing the patient. 
VI Synergistic-Action of Muscles.—The eye is never moved by the 
tl action of gle muscle. Even so simple a rotation as that of 
| “eye to the right or left in a horizontal plane probably 
| inves “the combined action of three muscles. These aids to the 
iil J of a single muscle are called synergists. The synergists to 
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the internal rectus, for example, in internal rotation are the superior 
and inferior recti. Aids to the external rectus in external rotation 
are the superior and inferior obliques. 
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Fig. 29.—Action of the individual ocular muscles from primary position. 


The synergistic action of the ocular muscles can be readily 
grasped by referring to Fig. 29. In this figure, the actions ‘are 
graphically recorded. 
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Fig. 30.— Normal action of individual musclgSNrom primary position or from “‘eyes 
front 


Muscle, 


Q Superior rectus. 
Internal rectus y N a) Seer ihe eI A ; 


Inferior rectus. 


i O Superior oblique. 
External rectus ( ) URE, PE IRE NATA I ns : z 


Synergist. 
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Inferior oblique. 
Superior rect UA FAL “Inferior oblique. 
NO Internal rectus. 
A Superior oblique. 
Inferior rec 


Internal rectus. 
Inferior rectus. 
ee 


| External rectus. 
‘ Superior rectus. 

AV SERAS | External rectus. 
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In addition to the table of synergists given above, further syn- 
ergistic action is possible. For example, in a straight upward pull 
the superior rectus is. naturally the dominating muscle and the 
inferior oblique the synergist. If, however, the rotation is up and 
out the inferior oblique, at first the major muscle, assisted by the 
superior rectus and external rectus, gives way at a given point in 
the rotation as a major muscle to the superior rectus, and assumes 
the role of a synergist. The reason for this transfer of the major 
function lies in the fact that the superior rectus acts best as an 
elevator when the eye is in a position of external rotation. The 
inferior oblique, on the other hand, diminishes in power as an ele- 
vator in this position. It may be less confusing to the student, in 
analyzing the up and out rotation, to regard the superior rectus as 
the major muscle and inferior oblique and external rectus as syner- 
gists or to regard the external rectus, superior rectus and inferior 
oblique as synergistic muscles, in this rotation, without regard to 
the major or minor role assumed by each muscle. In fact, in the 
illustration just given it would be seemingly impossible to assign a 
major role to any one of the three muscles, if it were not recalled 
that in this up and out rotation the total energy of the superior 
rectus is spent in upward rotation, while that of the oblique is divided 
between an upward and an external rotation. The same may be 
said of the external rectus. This is an external rotator, but when 
the eyeball is rotated upward in a secondary Wack some of its 


energy is lost for external rotation and is spent in rtical direction. 
Wheel motion or torsion is also brought Qr, not by a single 
muscle but by the synergistic action of, at ast, two and probably 


more muscles. In this action the obligg® ssume the major role. 
The vertical recti, however, are als Q% muscles, but secondary 
in efficiency in primary positior SO ertain secondary positions 
their relative intorting or extor power may be reversed. When 
the eyes are turned nasalwarWJthe torsional action of the recti 
increases and that of the @hiques decreases, and the converse is 
true when the eye is in ition of external rotation. 

The possibilities WY riation in the synergistic action of the 
ocular muscles } (ON great, as one can comprehend from the 
many a eA assumed by the eye. The thought, how- 
ever, whichs] Gash to leave with the reader, in discussing synergistic 


action, 1s act that an ocular muscle never acts alone, even in 
the 1 simplified movement, but is assisted by those muscles 
whi Xve similar actions and these muscles are known as syner- 


Ay This applies to primary and equally so to subsidiary actions. 
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Antagonists.— Every ocular rotation, as previously pointed out, 
is the result of a central innervation and such rotation is inseparably 
associated with a similar rotation in the fellow eye. Innervations 
are bilateral in their action. In the discussion of synergists, how- 
ever, binocular action is totally ignored, as it will be in the discus- 
sion of antagonists. 

If there are muscles which assist because of similar actions, there 
are others whose actions are diametrically opposite, either in pri- 
mary or subsidiary functions or both. .These opposed movements 
may be in the nature of a check or a stabilizing character, or they 
may be direct antagonists under certain conditions. The external 
rectus, for example, may check the overaction of the internal rectus, 


RintRect. Z Sup.0b. | L Sup.Ob. LAntReet. 
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Fig. 31.— Primary deviation of the eye in individual mus Drei 


of the action of potagoniinta WA, 


as the result 


or the inferior oblique may neutralize S action of the 
superior oblique. On the other hafiq, the external rectus as a 
direct antagonist of the internus wD produce external rotation of 
the eyeball if the internus is p r@Pyzed. In either sense the action 
is that of an antagonist. vertically acting muscle may, at 
the same time, be syn and antagonistic in action. The 
superior rectus is th antagonist of the inferior in vertical 
pull and in torsional §ction. In internal rotating power these 
muscles are synergjs—both being internal rotators. The inferior 
oblique is a sy St to the superior rectus in elevating action but 
an antagonis he same muscle in torsional action and in lateral 
rotation WS: two obliques are antagonists in torsion and in ver- 
tical ae but synergists in external rotation. 
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The following table of direct antagonists may be supplemented 
by the reader for other positions than primary. The combinations 
possible are many and interesting. 


TABLE OF DIRECT ANTAGONISTS. 

Antagonists. 
External rectus. 
Superior oblique. 
Inferior oblique. 

Internal rectus. 
External rectus ee, Ait ater E AR Shir a DOMO nO Cn: 
| Inferior rectus. 

_ | Inferior rectus. 
| Superior oblique. 

_ | Superior rectus. 
| Inferior oblique. 

Superior oblique . . . . . . a  . d Inferior oblique. 

Superior rectus. 

_ | Superior oblique. 
| Inferior rectus. 


Muscle. 


Internal rectus . 


Superior rectus . 


Inferior rectus 


Inferior oblique 


Conjugate of Yoke Muscles.— Thus far the discussion of muscle 
action has been limited to the muscles of a single eye. This was 
necessary in order to grasp the full possibilities in the function of 
each muscle. When the action of each muscle is reduced to a 
diagram, such as that shown in Fig. 29, and the diagrams of the 
two eyes are compared, one is impressed at once with the fact that 
in each eye there is a muscle whose actions are similar to a certain 
muscle in the other. This applies not only to primary but also to 
subsidiary functions. In fact, if the figure is we examined 
it will be noted that all thé muscles are arranggANin pairs. When 
the action of individual muscles is carefully a yzed it becomes 
even more apparent that certain correspon@ > muscles in the two 
eyes have actions which are identically @ same; the supposition 
becomes manifest that they are sore to act together, even 
though no mention has been made Nervous impulse which might 
cause these corresponding musek to respond similarly to the same 
impulse. To these muscies &)similar in action the name yoke or 
conjugate muscles has bee ost appropriately given. 

The least complicat ODhese muscles in action are the internal 
and external recti. \ right externus and the left internus, the 
right internus a ‘any left externus are similar in action in that the 
former group aa rotators and the latter group are left- 
hand rotatory In the vertical recti and the obliques the similarity 


ig more “Oo 1g. 
e Q superior rectus elevators, intorts and rotates the right 


The vs 
ey > left. The left inferior oblique elevates, extorts and rotates 


y ft eye to the left. In other words, these muscles are elevators, 
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left-hand rotators and in wheel motion cause the vertical meridians 
of the corne to lean to the left. They are the actions of the muscles 
from primary position. In secondary positions the similarity con- 
tinues. When the eyes are turned to the right from primary posi- 
tion the elevating action of the right superior rectus increases and 
intorsion and internal rotating power diminish until right-hand 
rotation reaches a point 23 degrees from primary position, or until 
the muscle plane coincides with the optic axis, when torsion and 
the internal rotating power cease and elevation is ad maximum. 
Because of the elevation of the eye ad maximum in right-hand 
rotation, Duane called the right superior rectus a right-hand 
elevator. 

The left inferior oblique has a similar action on the left eye. 
When the left eye is rotated to the right, the elevating action increases 
and left-hand torsion or extorsion of the vertical meridian and left- 
hand rotating power of the inferior oblique diminish. To this 
muscle Duane gave the name of right-hand elevator of the left eye. 
The right superior rectus and the left inferior oblique are yoke 
muscles. They are right-hand elevators. 

The fact that the muscle plane of the right superior rectus forms 
an angle of 23 degrees with the optic axis and the muscle plane of 
the left inferior oblique forms an angle of 51 degrees with the optic 
axis of the left eye does not invalidate the similarity of action. 
This difference in mechanical elevating power because he differ- 
ence in the angle of attachment is equalized by th Xi 1 of the 
synergists and antagonists in each eye, in ex Sh. binocular 
movements. ‘The end-result in elevation of e ye is the same, 
although the mechanical means by which elev mi is obtained differs 


in the two eyes. The bilateral mov SO Sa result of a central 
innervation in the execution of whi np bably all of the ocular 
muscles share, but in which the ri uperior rectus and the left 


inferior oblique are the dominatingNatuscles. 

The left-hand elevators are ft superior rectus and the right 
inferior oblique. These m are elevators, rotate the corneal 
meridians to the right ant w the eyes to the right from primary 
position. When th O are turned to the left their elevating 
power increases at the&xpense of right-hand torsional action and 


right-hand Se, 

A similar aQ is of the depressor muscles separates this group 
into right epressors, the right inferior rectus and left superior 
oblique Wie hand depressors, the left inferior rectus and right 
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The right inferior rectus and left superior oblique from eyes in 
primary position depress the cornez, rotate the upper meridians to 
the right and, in addition, turn the eyes to the left. When the eyes 
are turned to the right depression increases at the expense of right- 
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~\ Fie, 33,— Yoke or conjugate muscles, 
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hand torsion and left-hand rotation. They, therefore, are right- 
hand depressors. | 
From primary position, the left inferior rectus and right superior | 
oblique depress the corneæ, rotate the corneal meridians to the | 
| 
$ 
| 


LER-RIR | 


1 

$ 

j Vic. 34.—Ophthalmotrope with muscles gr as right- and left-hand elevators 
Í and depressors, and RE d left-hand rotators. 
i] 
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left and rotate the eyes somewhat to the right. When the eyes are 
secondarily turned to the left, inferior rotation increases while left- 
hand torsion and right-hand version diminish. They are left-hand 
depressors. 

The conjugate grouping of the muscles of the two eyes is most 
readily grasped by superimposing A and B of Fig. 29, with the 
following results: 

In Fig. 33 the grouping of the muscles of the two eyes is simply 
brought about by superimposing A and B in Fig. 29. Inasmuch 
as reference has been made to Duane’s classification into right- 
and left-hand elevators and depressors, it will aid the student to 
group these muscles diagrammatically. In Fig. 34 the muscles are 
arranged as right- and left-hand elevators and depressors, and into 
right- and left-hand rotators. It will be noted that the right 
superior rectus and the left inferior oblique are the right-hand 
elevators of the two eyes. In the diagram these are directed up 
and right. Each of the other groups are similarly drawn (Fig. 35). 

Innervations.— From what has been said of the action of indi- 
vidual muscles, of synergists, antagonists and of conjugate muscles, 
it is evident that the combined actions of the ocular muscles, in 
executing a movement, require a center in which the innervation 
originates and a codrdinating center. As one muscle never acts 
singly, so in ordinary vision one eye never acts alone but both eyes 
move as one eye. In certain pathological conditigig but one eye 
may respond to an innervational impulse, the fai the the other to 
move being due to the pathological conditi AMypresent, or to an 
unusual volitional act on the part of the nK Mual It is possible 
for certain individuals to place one eye iQ Secondary position, as 
in convergent squint. This is unusy; or abnormal.! 

Conjugate Movements.—Of the associated movements of 
the eyes which have been that to be sufficiently definite to 
indicate the presence of specifikgenters, five at least are accepted 
by all as definitely deter od. They are the conjugate move- 
ments of the eyes to tl Mot and left, up and down, and in con- 
vergence. Moveme he right and left originate contralaterally. 
The centers for ents of the eyes to the left are on the right 
side of the br aina centers for movements to the right are on the 
left side of td gi A destructive lesion in either center, or along 
the course on ath leading from these centers to the nuclei of 
the tl Ni and sixth nerves in the floor of the four th ventricle, 


J N se recently reported by Holloway and Spiller was able, at will, to cause 


Y eye to diverge, 
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will result in conjugate deviation toward the side of the lesion. 
If the lesion is on the right side, movement to the left will be impos- 
sible and the eyes will deviate to the right. If the lesion is on the 
left side, deviation to the right will be impossible. 

Centers for binocular elevation and depression are undisputed as 
well as that of convergence. 

Divergence is often spoken of as negative convergence. There 
are recorded in the literature, however, many cases of paralysis of 
divergence. This condition is so distinctly definite with a charac- 
teristic symptomatology, and, although a center for the same has 
not been located, it is probable that a center for this movement 
exists and that this conjugate movement should be regarded. as 
the sixth. 

Maddox is inclined to believe that bilateral right- and left-hand 
torsion should be recognized as definite conjugate movements. He 
admits, however, that these movements have never been observed 
in nystagmus. Similarly there may be centers which may cause 
the vertical meridian of the corneæ to incline toward or to diverge 
from each other. Insofar, however, as is definitely known, but five 
conjugate movements are recognized with a strong possibility of a 
sixth, namely, divergence. 

Innervation Centers.— Centers for voluntary lateral conjugate move- 
ments are located, in all probability, in the upper part of the mid- 
frontal convolution of the cerebrum ent 

Involuntary centers for these movements are prob cated in 
the cuneiform body along the calcarine fissure oats centers in 
the right cuneus receive impressions from coring points on 
the right halves of each retina, 7. e., from tha Id and wee versa. 
Experimentally, Schafer and Monk fou t stimulation of the 
forepart of the visual centers in the ca ne fissure caused depres- 
sion of the eyes and stimulation of the posterior part of the fissure 
produced elevation. They even fo a point, stimulation of which 
caused neither depression nor ẹ ation but in some instances con- 
vergence. Much of our Ore is purely of an experimental 
character. We reason analogy by experiments on lower 
animals and draw rea ns for the human race. They may and 
may not be correct owever, it is generally conceded that the 
involuntary conjygate centers are located in the occipital lobes. 

Centers for C gence and Up-and-Down Movements. — Conjugate 
centers forsy ary movements to the right and left have been defi- 
in the upper end of the mid-frontal convolutions. 


nitely | 
Cong da the right direct conjugate movement to the left, and 
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centers on theleft control movements tothe right. Electrical stimu- 
lation of these centers produces conjugate ocular movements as indi- 
cated above. Furthermore, Festa! elicited similar conjugate move- 
ments by stimulating the “area pre-occipitalis” in the region of the 
angular gyrus. It is probable, however, that these latter areas trans- 
mit intercommunicating fibers from the cortical centers located in 
the mid-frontal convolutions. 

No other conjugate centers have thus far been located. The 
most searching investigation, either experimentally or pathologi- 
cally, has thus far failed to uncover such centers. Paralysis of 
divergence, convergence and up-and-down movements are often 
found in disease along the aqueduct of Sylvius and in the region of 
the anterior corpora quadrigemina. In these areas the transmitting 
fibers are easily caught in the posterior longitudinal bundles. How- 
ever, there should be and probably are cortical centers for these 
movements, and'the most that can be said of them is “They have 
thus far not been uncovered.” 

The codrdinating center for ocular movements is in the cerebellum. 
This body serves as a’ coérdinating center for all synergetic move- 
ments of the body. Ocular centers, according to Stewart, are 
located in the anterior end of the vermis close to the median 
line. Cerebellar lesions involving this center are accompanied by 
nystagmus, sometimes by conjugate deviation of the face and eyes 
to the side of the lesion, because of the loss of wet control of 
ocular movements through Deuters’ nucleus. KAP tent, there- 
fore, that conjugate innervations are under tl@ control really of 
conjugate centers (the volitional centers 1 mid-frontal con- 


volution), the involuntary centers in the? ipital lobes and the 


coérdinating centers in the cerebellgty’ Perfectly codrdinated 


conjugate movements, therefore, > dent not only upon intact: 
n 


conjugate centers but also upon N errupted intercommunicating 
fibers and unobstructed pathw&g9 trom these centers to the nuclei 
of the ocular-motor nerves in@he floor of the fourth ventricle. Dis- 
turbance in any part of complex conjugate circuit results in 
some form of conjugi isturbance— palsy or spasm. The only 
exception to be n X a lesion in the nucleus of the sixth nerve, 


reference to which will be made in the section on Conjugate Paral- 
ysis. Lesions @,the nuclei themselves, with the exception noted, or 
below the on result in single or mutiple palsies of individual 
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Binocular Vision.—Binocular rotations are intended to bring 
about and facilitate binocular vision. It is the only reason for the 
existence of conjugate movements. Before studying the essential 
phases of binocular vision, it will be of interest to pause for a 
moment in a brief study of the position of the eyes in sleep and 
during wakeful hours when they are ready to respond to innerva- 
tional influence. 

Position of Eyes During Sleep.— During sleep or unconsciousness 
from other causes all innervational influences are absent or in 
abeyance unless pathological control of some part of the motor 
pathway changes the natural order of things. The eyes, therefore, 
may be said to assume a position of anatomical rest. This position 
usually is up and out. 

Functional Rest.— During conscious moments, when the eyes are 
not responding to some innervational influence and are not fixed 
in attention, they may be said to be in functional rest because, 
although ready at a moment’s notice to “stand attention,” so to 
speak, the position which they assume requires no effort. The 
relation of “anatomical rest” to “functional rest” is not unlike the 
relation of “at ease” in military parlance to that of “at rest.” In 
the first instance the line is broken, but the individual members of 
a company are within reach of the order “fall in.” “At rest,” on 
the other hand, the individuals are ready to respond + the, order 
“attention,” from which movements are executed. 

Much interest attaches to the state of the = ring the 
period of functional rest. Are they in a state of co1 e relaxation 
or is there a certain amount of tonicity presen ali It is 
probable that the latter theory prevails. ny innervational 
act certain muscles are called into action ge others, in order to 
assist properly, must be in a state 2S tion. It is probable, 
therefore, that in order to carry ou Oak a general con- 
dition of equal tonus is present in Ay sg a This, as Hansell 
and Reber have pointed out, D allow the proper amount of 
relaxation of meles. muchas to keep pace with the contraction 
of the other muscles. 

Fixation. — During 2m SS moments the eyes may wander from 
object to object wi (Gor: special attention to any single object or 
they may ule) x intently upon a definite object i in order to 
obtain better <2 E of the same. The object which engages 
the eyes ip #¥gefon is called “the point of fixation.” The eyes are 
said to “YX It is believed that a reflex fixation center is located 
in a on of the corpora quadrigeminal bodies. The object 
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which engages our attention may be too large to “fix” and we, there- 
fore, go from point to point on the object, each new point becoming 
the point of fixation. 

The line of fixation is an imaginary line which connects the point 
of fixation with the center of rotation of the eyeball. 

Direct and Indirect Vision.—In fixation the most sensitive part of 
the macula, the fovea centralis, is used to focus upon the “point 
of fixation.” For some distance beyond the fovea the macula is 
highly developed and has good differentiating ability, but in the 
fovea centralis alone does visual acuity reach its highest degree of 
development. According to Tscherning, “The breadth of the 
anatomical fovea is 0.2 to 0.4 mm., or, viewed from the posterior 
nodal point, which is 16 mm. from the retina, it subtends an angle of 
from 45 minutes to 1 degree and 30 minutes.” The point of fixation, 
however, has a much smaller breadth. “Central fixation” means 
fixation of an object on the most sensitive part of the fovea. In 
defining direct vision, therefore, one is apt to regard macular 
vision as synonymous. Strictly speaking, central vision is con- 
cerned with the most sensitive part of the macula, namely the fovea. 

Indirect Vision.—Macular sensitivity recedes rapidly from the 
fovea to the periphery and beyond the macula the rods and cones 
become fewer and retinal sensitivity gradually diminishes to the 
most peripheral boundaries of the retina. Although less sensitive 
than the fovea, the extra-foveal retina has a a yal function of 


recognizing moving objects. One of the specie stions of the 
peripheral retina engaged in indirect vision O X$ attention to 


O objects, in 


objects outside of the line of fixation, especial 
vision and determine 


order that we may “fix” them with dir 
their real character. 

We are concerned to a fied Sy fe xtent with indirect vision 
in a study of ocular muscles, ie mple, in orienting ourselves 
in relation to objects not in li f direct vision, in physiological 
diplopia, etc., but special at 2. centers on direct or foveal vision. 

Field of Fixation.— The AY of fixation may be defined as the base 
of a cone, the apex INN is the center of rotation of the eyeball, 
as the eye is eo) its extreme limits in all directions, foveal 
vision at all timés:yMrking or defining the base of the cone. Indi- 
rect vision do enter into the defining of the field of fixation. 
It is concer, With central vision only. It is like the visual field, 
however orm and colors, in that the nose does not admit of a 


1 Physiological Optics. 
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proper recording of the rotation down and to the nasal side and to 
some extent upward and to the nasal side. In binocular fixation, 
however, as in measuring the extent of binocular visual fields, one 
eye continues to function when the fellow eye is no longer able to fix 
because of the obstruction offered by the nose. The field of fixation 
is taken for each eye separately. 

Methods of Measuring the Field of Fixation.—'Two methods may 
be employed. The first, and the one usually adopted, is that by 
means of the perimeter and the second, now rarely practised, is by 
Steven’s tropometer. The perimetric method is satisfactory, accur- 
ate and easily executed. Great care, however, must be observed 
in noting that the patient’s head is at all times in the same position 
and that the patient shall fully understand the object sought in 
the test. To this end he should be thoroughly instructed to the 
minutest detail. One eye is occluded by an eye-pad or bandage. 
He is seated before the perimeter with the eye under investigation 
carefully centered over the eye-piece supported in front of the chin- 
rest, and fixed on the center of the perimeter. Illumination should 
be good as for reading purposes, although standard illumination, 
such as is employed in perimetry, is unnecessary. The best form 
of test object consists of a few printed letters on cardboard, the 
letters being sufficiently large for even a presbyope to be able to 
read comfortably at 33 cm. Instead of letters, figures may be 
employed or four dots or two lines properly spaced, so that they 
may be distinctly seen, may be found satisfactory. ig object 
is slowly moved along the arm of the perimeter up oe mm, and the 
patient is instructed to follow the test object vf s eye to the 
extreme point of rotation, the letters being xO seen. If blur- 
ring occurs the test object has been moved ar for foveal vision, 
and it should be moved back a trifle A letters again become 
distinct. This point, as read off fr arm of the perimeter, 
marks the extreme rotating power RN real vision in that direction, 
and the result may be recorded hown in the chart (Fig. 36), or 
it may be recorded on a pet ric chart, as shown in Fig. 37. 
The test object is now be ack to the center of the perimeter 
and the opposite field_o(p¥ation is taken in a similar manner and 
the results are ee ae The technic of lateral and oblique 
rotations difer, OF htly from the up-and-down rotations. On 
taking right- = otations the patient should be instructed to 
center his g n on the last letter on the card in order to make 
accur N S irements, and in rotating the object to the left the 
first le “Ss ould be fixed. For purposes of uniformity, the student 
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is urged to use the anatomical method of observation rather than 
the projected field of rotation. This method will be observed 
throughout this volume. Note carefully Fig. 36 with reference to 
the patient’s right and left. 


Fia. 37.— Meth N field of rotation on a perimetric chart. 


the whole Nxt nearly so satisfactory, and it entails the purchase 
of angt istrument at a considerable expense. In the author’s 
XN , the tropometer offers greater latitude for variations 


The eae devised by Stevens by means of his tropometer, on 


Fia. 38.—Steven’s tropometer consists essentially of a telescope in which the 
inverted image of the examined eye is found at the eye-piece, where its movements 
can be accurately observed. A graduated scale in the eye-piece permits every move- 
ment of rotation, in any direction, to be exactly measured. The patient’s head is 
fixed immovably in a chin-rest. 


S 


Fia. 39.—Scale of Steven’ © S The long line between and at right 
angles to the shorter lines wo similarly graduated scales running in different 
directions; the larger oO esents the outer border of the cornea, the edges of 
which are in contact wit two strong lines; the interval between each pair of 
short lines of the seal@ég 10 degrees of arc, commencing at the strong line in each 
case. If now the h the person examined is held firmly in the primary position 
and the eye cause rotate strongly in a given direction, the are through which 
the border oN Ornea passes may be accurately read upon the scale. In the 
figure, 39, t Aw dotted line, represents a new position of the border of the cornea. 

Suppos SS the person examined has been directed to look strongly upward, then 
the EA s moved down and scale and reaches the point in this example of 40 

@wfhat being the measure of rotation. By means of the small lever the scale 
can e) lated horizontally, vertically, or obliquely, and by means of the two gradua- 
1easurements in opposite directions can be made. 
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| Stevens’ book, Motor Apparatus of the Eye. Other methods for 
| recording fixation fields have been devised from time to time. 
| The Greens, from San Francisco, presented an instrument, designed 
l | by them for this purpose, at the meeting of the Ophthalmological 
I Section of the American Medical Association in 1926. Fairly 
Ii accurate results may be obtained by this instrument, but it was 
| designed as a clinical instrument to indicate the paretic muscle | 
| | rather than to accurately determine the extent of the paresis. It | 
| possesses possibilities, nevertheless, of being shaped into an instru- 
1} ment of much precision. 
i Variations in Rotations.— The rotations in the various directions 
Ht differ in individuals normally. The average rotations in the car- 
dinal directions are as follow: Upward, 33; downward, 47; inward, 
| 50; outward, 47. 
1 According to Stevens, although the lateral breadth of rotations 
\| is greater than the vertical, there is greater normal variation in the 
vertical than in the lateral. The figures as given above may be 
considered as the normal minimum measurements. Any marked 
, digression from these figures on the proximal side should be regarded | 
f as defective rotations. | 
| Number of Meridians to be Studied.— In the average case a study $ 
i of the four cardinal directions will be sufficient. In suspected 
hi weakness or overaction of the obliques and the vertical recti, the N 
Ii oblique meridians bisecting the cardinal rotati Koud also be | 
i studied. This is also necessary in differentia @e aS ene defec- t 
| | tive rotations due to an ocular palsy and t Fos to squint of the 
| | concomitant variety. Reference to this Gerence will be made in | 
| | | the section on Paralytic Squint. S 
| Fundamental Laws.— Laws Gover kin) rojection and Direction.— 
Th In order to fully understand th complex visual act, certain func- 
tions of the percipient nerve tnts i in the retina and the optic 
nerve itself require careful 
nerves of the body to r 


| details as to its operation, the interested reader is referred .to 


ysis. It is a function of the sensory 
eir sensations, not to the immediate 
nerve itself, if stimu ) Dut to its peripheral distribution or to 
the member to why gives sensation. The pain from coxalgia 
Nt is not felt, as a Nule) in the hip, but it is referred to the inside of the 
{| RIES co ie Of a more complex character is the pain which | 

is sometir Xperienced in pneumonia, felt not in the lung, but } 


ii reflexly red to the homolateral iliac region. ‘These instances | 
i} Q . . . i 
Wh are GN n order to show that the projection of the image recog- 


eo 
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y the retina is not a peculiar phenomenon, but a condition 
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which is common in sensory nerves. The image which is impressed 
upon the rods and cones of the retina is not recognized by the gray 
matter of the brain as a sensation on the retina, but a phenomenon 
which is projected into space. The direction which the image 
will take in space is controlled by the law of direction. 

In Fig. 40 the points in space, a, b and c, pass through the nodal 
points of the lens and appear on the retina at the points a’, b’ and 
ce’. They are projected out into space by the brain along the lines 
by which they enter the eye. Point b enters the eye, and without 
any deviation is reflected along the same line to b in space. Points 
outside the center of fixation, as a and b, enter the eye obliquely, 
and are projected along the same oblique line of entry. There is 
a definite relation, therefore, between b and b’, a and a’ and c and c’. 
What is true of these points is equally true of all other points in 
space in relation to fixed points in the retina when the eye is at rest. 


A 


It will be noted in the diagram that objects e the point of 
fixation fall upon the lower part of the retin¢ vice versa. Simi- 
larly, points in space from the right o on fall on the retina 
to the left of the macula, and objects f O te left fall on the right 
of the macula. 

Law of Corresponding Retinal Š. —The fundamental laws 
just discussed concern one eye Wor ‘mally, the eyes do not operate 
singly, but function togethe the anatomy of the visual path- 
way, the student may Q) Tat the right halves and the left 
halves of the retinæ &Xhown respectively as corresponding, or 
homonymous, retina\bAélves, and that these corresponding halves 
receive impr SO are recorded in the cerebral cortex as a 
single impr Oo In order that they may function as one, higher 
cerebral c V) the mid-frontal convolutions of the brain, direct 
conjuga S$ ements to the right and left, up and down, ete. In 
nor cog with normal muscle balance and normal fusion 
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power, bilateral foveal fixation results in single vision. The two 
foveæ, therefore, are known as corresponding retinal points. If 
points on the horizontal meridians of the retinz are selected, for 
example, points 5 degrees to the right side of the maculæ, an object 
in space to the left of fixation which falls on these points will be 
seen as one. They are, therefore, called corresponding retinal 
points. Every point in the retina of one eye has a corresponding 
retinal point in the other and, if the eyes are properly conjugated 
and coérdinated, single vision will result although the object is 
perceived in each eye. This law of corresponding retinal points 
brings not only definite points into intimate relation, but retinal 
halves and retinal quadrants as well. 

Physiological Diplopia.—If the reader will hold directly in front 
of him two pencils, one at 6 inches and the other at 12 inches dis- 
tance, and will fix his vision on the far pencil, he will notice that 
the proximal pencil will be seen as two, separated about 1 inch. 
If he will now alternately close one eye and then the other, he will 
note that the left image belongs to the right eye and the right 
image will be seen by the left one. The condition is crossed diplopia. 
If he will now reverse the experiment and will fix on the near pencil 
he will observe two pencils in the distance, the right image belong- 
ing to the right eye and the left one to the left eye—uncrossed or 
homonymous diplopia. If we were always to recognize an object 
in indirect vision as two we would be hopelessly conf\sed. Accord- 
ing to Tscherning, one image is suppressed, the Ne -hand image 
appearing more real and substantial in rightQtanded people and 
vice versa in left-handed people. Physiolog s diplopia is of much 
value in measuring depth in binocular yon: 

Binocular Vision. — Binocular singl is normal in the human 
race. It is made possible by: (1 partial decussation of the 
retinal fibers in the chiasm, so ¥gat the brain can receive impres- 
sions from corresponding rethagl points as a single impression; 
(2) by means of cerebral Byers governing conjugate movements, 
so that the eyes may imes be placed to receive impressions 
on corresponding An (3) by reason of a fusion faculty, 
which enables t Th ridual to superimpose his foveal images and 
make them n ; 

Evolution, O Binocular Vision.—A study of the evolution of 
binocular yN®n is of much interest. In the lowest orders of animal 
life the €)e¥ are placed in the sides of the head. ‘There is no over- 
lap of the visual fields. The eyes operate independently. 
lin the scale of the animal kingdom the eyes gradually 
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move forward and the visual fields begin to overlap. There now is 


a tendency to concerted action. In the higher orders the visual 
axes tend to approach parallelism. Only in apes and in man, 
however, does parallelism reach a reality. With parallelism of the 
axes, binocular vision not only becomes possible, but essential. 

In the human embryo a gradual evolution of the position of the 
eyes from a lateral to a frontal position in the head is observed. 
At birth the infant’s eyes are potentially parallel, but there is no 
coordination of the lateral ocular movements. As a rule, the 
vertical balance is normal, but for several weeks the eyes may be 
divergent or convergent. Gradually the infant begins to note bright 
objects. From the sixth to the eighth week its attention can be 
fixed upon a bright object and its attention may be held. The 
mother says “The child sees,” a condition which the psychologist 
calls “the unfolding of the faculty of attention.” We call it the 
development of the fusion faculty. At the end of three months, 
if normal, this faculty is well developed. An occasional squint 
may be observed, but with succeeding months fusion grows in 
strength. At the end of the year the following prism experiment 
may be practised with success. A 3 or 4 diopter prism, base in, 
may be placed before one eye when the baby’s attention is fixed 
and the usual compensatory movement of the eye before which the 
prism is placed will be noted. If fusion is not well developed no 
movement will be observed. From clinical experienc ~\: have 
observed that fusion training yields encouraging resu to the 
seventh year. After this period results are less satiaftory. This 
is a clinical fact of much importance. It argues fhe setting into 
motion measures to correct squint before kA 'hild reaches its 
seventh year, a practice which is only t eh neglected in the 
ordinary routine of clinical practice. - ; 

Binocular Fixation, Binocular SiR Vision and Stereoscopic 
Viston.— Binocular single vision is nuch a function of corres- 
ponding points in the peripheral æ as it is of the foveze. In the 
fixation of objects, however, c onding retinal points other than 
the foveæ are for the mon isregarded. It is evident from this 
fact alone that there iş s@e difference between binocular fixation 
and binocular single vigigh. As pointed out by Maddox, binocular 
fixation is a subcerGejous act, automatic so to speak. It becomes 
the result of | ; Binocular single vision implies more. It 
engages the gies parts of both retinæ in exactly a similar manner 
and yet Y points of attention” to which the mind is invited 
in the g eral retinæ require a more or less conscious act on the 

ne) 


O 


80 ANATOMY AND PHYSIOLOGY 


part of the individual in their recognition. For the complete and 
perfect interpretation of objects seen or observed in binocular 
vision there is another phase which needs consideration, namely, 
stereoscopic vision or the preception of depth. An individual 
may possess a fair degree of the faculty of binocular fixation and 
binocular single vision, and yet may have little power of stereoscopic 
vision. For perfect binocular vision in its truest sense, vision which 
embodies these three components, a fusion faculty is essential. 

Fusion.—In a study of binocular single vision, inasmuch as an 
object which falls on corresponding retinal points is received as a 
single impression in the cortical visual center, one might on first 
thought regard the act as a simple automatic act, which needs no 
further explanation. That it is more than a simple automatic act 
is best demonstrated by a prism experiment. If, during this act a 
4 diopter prism is placed before one eye, base in, the discomfort 
caused by the displacement of the image of this eye, is followed 
unconsciously by a corresponding rotation of the eye outward and 
singleness of vision is restored. There is then a desire or a love for 
single vision. It is not a purely automatic act, but an active 
definite effort toward a definite end. This desire for singleness of 
vision we call a fusion faculty. By some the abhorrence of double 
images is thought to be the force which impels toward single 
vision. Van der Hoeve, therefore, coined the phrase “diplopia 
phobia” as expressive of the condition. This ative way of 
regarding the phenomenon but implies that there ild be a posi- 
tive force or ability to overcome diplopia. I pnore expressive of 
the real condition to speak of a love for a desire for fusion. 
Whether we call the force which impels sion a “fusion faculty” 
-or a “fusion center” is purely an acadéje question with the weight 
of the argument in favor of the fori\ We know of no such center 
and it is safe, therefore, to peake a “fusion faculty.” It is non- 
committal. We will regard itNtherefore, as a positive force which 
impels, when possible, to ije vision. 

Breadth of Fusion.— Y prisms are placed before one eye dur- 
ing fixation the lows prism, and, naturally, the less the dis- 
placement, the QON is to overcome the diplopia. That is, the 
greater PR EY the desire for fusion. If the prism employed 
is too large fugen becomes impossible. The breadth of fusion varies 
with the “tion in which the apex of the prism is placed. A 
LRN diopters placed apex up or down will rarely be over- 
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e power of overcoming vertical displacements is slight. 


come 
i lateral, a prism of about 8 diopters is about the maximum 
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which can be overcome if placed base in. The power of overcoming 
high degrees, base out, varies with the individual, but this faculty 
may be developed in most individuals to a very considerable extent, 
even to 70, 80 and 90 diopters. 

In order to measure the breadth of fusion in the vertical, the 
strongest prism base down is added to the strongest prism base up 
which can be overcome. The lateral breadth is the sum of the 
strongest prism base out and the strongest prism base in which can 
be overcome. There is comparatively little variation in the verti- 
cal in different individuals, but in the lateral the variation is great. 

From the clinical standpoint, Maddox suggests three groups: 
(1) Those in whom the breadth of diplopia is greater than that of 
fusion. Fusion is impossible. This condition is found in perma- 
nent concomitant squint. In the second group the breadth of 
diplopia and of fusion are nearly equal, and the diplopia may be 
overcome by effort. This occurs in periodic squint. In the third 
group the breadth of fusion is greater than the diplopia. This 
condition occurs in heterophoria or latent squint. A fourth group 
should be added, namely, a normal group, in whom the breadth of 
fusion is always sufficient to maintain single binocular vision. 

Estimation of Depth by Monocular and Binocular Vision.— 
Although the third dimension is better perceived binocularly, it is 
possible to obtain a fair measure of the solidity of an object or a 
sense of depth by monocular vision. Both forms of sion are 
assisted by the same factors, the greater efficiencyxO& Binocular 
vision being due largely to convergence. Of the QX which are 
common to both, the more important ones a à follows: (1) 
Atmospheric density; distant objects are mo RO veiled because 
of atmospheric density; in mountainou Qie: the atmosphere 
is relatively clearer and very distant ob CA to be nearer than 
they virtually are; when the atmosphág Seis 1eavy, as in a fog, objects 
seem to be feer off than in re ADty. (2) The relative visual 
angle of known objects; the siz, Gha known object such as a man, 
a horse, etc., when seen a istance, furnishes fairly accurate 
data upon which to N he intervening distance between the 
object and the obser ) Shadows thrown upon an object, if 
the source of light Gree rear, at once gives one the impression 
that the object gagting the shadow is nearer to the observer; this is 
especially hel PS) the intervening objects are well known as to 
size and di@Nfons. (4) The perspective obtained by the seem- 
ing app Y parallel lines, such, for example, as obtained by 
gazing down a street, is a most valuable aid in measuring depth. 
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(5) The effort of accommodation is of some value, perhaps more 
in the estimation of depth very near at hand, because accommo- 
dation is only operative at close range. (6) The parallax is most 
important, but obtained in a slightly different manner in monocular 
than in binocular vision. In binocular vision the eyes view an 
object at slightly different angles; depth and solidity are easily 
obtained; a single eye accomplishes the same object if the head is 
shifted from one side to the other; the results obtained are good in 
either case, but the latter requires a more conscious effort than the 
former. (7) The most important factor in the estimation of depth 
and a function of binocular vision only is that of convergence. 
The special value of this last aid in perceiving depth lies in the 
difference in the converging power required in passing from one 
object to another. Thoroughly mixed, however, with this act is 
the role of physiological diplopia which enables or leads one from 
a definite point of fixation to the images seen in physiological dip- 
lopia. This combination, therefore, of relaxation and readjustment 
of convergence, and the shifting of fixation alternately on a far and a 
near point, furnishes the real stereoscopic vision in which objects 
stand out in relief. | 

The Stereoscope.— When one views an object in relief, a landscape 
scene, for example, an image of this scene appears before each 
retina, but at slightly different angles. They are exactly like the 
two pictures taken in a stereoscopic camera, which Ņliffer only by 
the slight angle which is formed by the base sepwPatidn of the two 


camera plates. When two photographs taken o camera plates, 
separated probably about the same distar s the human eyes, 


are so projected that they can be fu Qto one, the observer 
obtains the same effect as he cba) ooking upon the scene 
with his own eyes, provided he hQs }r¥e stereoscopic vision. In 
1883 Wheatstone gave to the woðtd his stereoscope, which consisted 
of mirrors at right angles. ThiQ illustrated in Fig. 41. This form 
of stereoscope is now an in ant part of a complete Roentgen-ray 
outfit, in which stereosc vision plays an important role. 

The value of the Scope is best appreciated by the great 
number of mod eh have been placed on the market from 
time to time and tHe ever increasing number which is being added, 
one might suey early. In 1849 Brewster offered an improvement 
in Meee were added, which when properly decentered pro- 


duce th ct of prisms, bases out, thus enabling the observer to 
pro} è two pictures or images to the same spot, giving one the 


A f relief (Fig. 42). At the same time the lenses slightly 
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magnify and the illusion, as Hansell and Reber point out, is com- 
plete. This particular form or model has undergone many changes. 
The most important models which have been produced for 


‘ 


Oe ae 


Fic. 41.—Wheatstone’s stereoscope. (From “Ocular Muscles,” by Hansell and 
Reber.) 


Fig. 42.—Brewster’s uef The pictures c and d are blended or fused in the 


plane g—h. (Mony ‘Ocular Muscles,” by Hansell and Reber.) 


specific ae have endured are the Holmes models, now 
usually RA shops, Mr. Berry’s model, the Worth-Black 
amblyos OH O constructed by Wells for training in hetero- 
phoria S S Lloyd stereoscopic slate for perimetric purposes. 
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Mr. Berry’s addition to the stereoscope is of much value (Fig. 43). 
A circle is placed before each eye, and in the center of each circle 
it is placed a smaller circle which can be displaced from side to side. 
M When the small circles are displaced centrally, 7. e., away from the 
| centers of the large circles toward each other, the sensation obtained 
| is one of relief. It gives one the appearance of a tub upside down. 
[i | It corresponds to the object in the foreground of the picture. If 
i the inner circles are now displaced toward the outer edges of the 
1) | large circles, it is as though one were looking into depth. The tub 
is now righted and one looks into it. This corresponds to the objects 
| in distance and conveys the sensation of depth. To the value of 
| this test for the determining of the presence of true stereoscopic 
| vision, the author can bear testimony. Lloyd has taken advantage 
of the principle in securing perfect fixation on his stereoscopic slate. 


(From Maddox’s “Ocular Muscles.’’) 


Fic. 48.—Mr. Berry’s stereoscope. 


Worth- Black Amblyoscope.—The use of the stereg§eope in squint 
is limited because the angle of squint does note it the images 
to approach sufficiently near for the fusion y to exercise its 
influence. Claude Worth, therefore, congtytted a stereoscope, 
which essentially consists of Priestly S ys fusion tubes fastened 


by a hinge, so that the angle of ¢ on of the squint can be 
approximated, and the images m brought close enough for 


the operation of the fusion facult, if it is present. In some of these 
cases of squint one eye may be Ore or less amblyopic or vision may 
be subnormal because of Gs suppression of the image (Fig. 44). 
Black conceived of the xgly&ble addition of a rheostat, whereby one 
ty of the illumination in one tube and 
diminish that of ther. This has made of the Worth-Black 
amblyoscope a GC excellent instrument for the training of squint— 


may increase the i 


a procedure @ajch is of incalculable value. 
Tests f ocular Vision.—In making tests for binocular vision 


one w early differentiate between binocular vision without any 
à 


or N moderate degree of depth perception and true stereoscopic 
g” For example, the letter L may be placed before one eye 
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in a stereoscope or amblyoscope and the letter F before the other 
eye. In simple binocular vision these letters may be blended into 
an Æ. This does not guarantee stereoscopic vision. If, however, 
the principle of Mr. Berry’s stereoscopic chart, or a modification of 
it, is employed one can determine with absolute certainty that true 
stereoscopic Vision is or is not present. This principle can be applied 
to very young children, and they can tell with assurance as to 
whether they are looking into a bucket or at the bottom of a bucket 
upside-down. In the author’s experience this is the most valuable 
test at our disposal. It can be varied so much that the answers 
leave no doubt as to their accuracy. 


«O 
& 


Fia. 44.—The Worth-Black amblyoscope. (From de initz’s ‘Diseases of the 
Eye.’’) 


The Bishop Harmon diaphragm ory 45) is of considerable 
practical value. It also is a good tOr malingering. In this test 
the charts are placed in the car j@pt the extreme end of the instru- 
ment, and the diaphragm ¢ adjusted with such nicety that 
the extreme left of the caxt@en only be read by the right eye and 
the extreme right by CF t eye. The center of the card is read 
by both eyes. If thix.cgrd can be read easily, without moving the 
instrument from, se to side, there can be no question as to the 
presence of bin r vision. It does not, however, determine the 
presence ARS vision. 

Bar r A has the same objection. If a ruler, for example, is 
held be D the patient’s eye and a book the patient may be able 


e 
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to read, as in the Bishop Harmon diaphragm test, without difficulty 
, 8 J 
provided binocular vision is present. If not carefully watched, the 


Fic. 45.—Bishop Harman’s diaphragm test. (From ‘‘Ocular Muscles,” by Hansell 


and Reber.) 


Frc. 46.—Hering’s Ç) test for the sense of perception. (Courtesy of Worth and 


pati 
eye 


e 
NS 
ae is encountered. 


+ Baillière, Tyndall and Cox.) 


y move his head slightly and continue to read with one 
rthermore the eyes may be used alternately when the 
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The Hering drop test is said to be of satisfactory merit. It 
is not, however, infallible, although usually dependable. It may 
be constructed out of a flat cigar box from which the ends have been 
removed. To one end two arms are projected, as shown in Fig. 46. 
A thread is stretched across the distal ends of these projecting 
arms, on the center of which a small bead is placed and upon which 
the patient may fix. Small round objects like marbles, dried peas, 
etc., are now dropped between the thread and the box. Care 
should be observed that the balls passed beyond the thread should 
be a little larger than those passed inside the thread. If the patient 
has true binocular vision he should be able to tell on which side 
of the thread the balls are dropped. The test, however, is not 
without error.! 

Contrary to the generally accepted belief that the Hering drop 
test is of greatest value, the author believes that the stereoscope 
or the amblyoscope is more refined and accurate in determining 
the degree of true single binocular vision if present. 


1 Worth believes this test to be one of ‘‘subconscious perception of physiological 
diplopia in more or less eccentric parts of the retinæ.” 


A Vee ba ed a 


HETEROPHORIA. 


General Considerations.—Heterophoria is a general term which 
includes all of the various forms of latent tendencies to deviation 
from a normal muscle balance. Earlier in our discussion, reference 
was made to the state of the extra-ocular muscles during conscious- 
ness and unconsciousness. During unconscious moments the eyes 
are rarely found in a state of parallelism, but usually deviate upward 
and outward. This was called position of anatomical rest. The 
position is determined by the shape of the orbits, the attachment of 
the optic nerve and possibly in part by the elasticity of the check 
ligaments and orbital fascia in general, the ocular muscles being 
in a state of relaxation. When consciousness returns, without 
effort, the position is changed from that of anatomical rest to func- 
tional rest. Functional, because from this position of “attention” 
the eyes are ready to respond to any innervational in ce which 
may present itself, and rest because the unconsci anervation, 
which brings the eyes to “attention,” requires n t. Although 
potentially present, heterophoria or latent sqa] ‘does not become 
operative until innervational influence der conscious effort. 

When heterophoria is present it ee) incoérdination which 
brings about the symptoms which go%eMen baffle even the most 
experienced ophthalmologist. It i , however, the symptoms to 
which the incodrdination giv Wo which cause the greatest 
anxiety. ‘The cause of the sy ns is easily determined by routine 
methods of study. The © why heterophoria should exist in a 
given patient furnish tl Ww difficulty in the case. Is it a refrac- 
tive error alone, as would have us believe? The relation of 
accommodation to vergence, even in an emmetrope, is so inti- 
mate and close? one, without giving the subject much thought, 
could be inc O to believe that the influence of refractive errors 
might ban Sufficient to bring about the incoérdination. ‘This, 
howeve\SNe only a part of the story—an important phase, indeed, 
but ers equally vital must be considered. 


ne 


90 HETEROPHORIA 


There is, it is true, a type of heterophoria which may be called 
accommodative. For example, a patient suffering from 3 diopters 
of hypermetropia may show a tendency to increased convergence 
during the act of accommodation, which may entirely disappear if 
the hypermetropia is corrected. In a similar manner myopia, if 
uncorrected, may be accompanied by exophoria. This, too, may 
be overcome by the wearing of a suitable correction. This group 
of heterophorics is in the minority. 

Other factors enter into the production of disturbed muscle 
balance. Individual muscles may show some abnormality in 
attachment, or may be overdeveloped as compared with the antago- 
nists. Occasionally there is present an anomalous condition which 
may be a direct cause. In vertical disturbances the motor factors 
just mentioned may be the direct cause of an over- or an under- 
action in response to an innervation. If these can be excluded, 
and even when present, the investigation of heterophoria must go 
further. 

What is the patient’s temperament, his physique, his occupation, 
his state of health, his hours of occupation, his habits of worry and, 
above all, his heredity, are subjects which need the closest scrutiny. 
While it is difficult to understand all that is involved in the expres- 
sion “innervations,” it is not hard to comprehend how difficult and 
intricate the mechanism is which brings about response to these 
influences. Nor is it difficult to conceive how easi mechanism, 
which involves the fine coérdination of at least tw, élicate ocular 
muscles, can be influenced and disturbed by s temperament, 
physique, state of health, occupation, fati nd a host of other 
conditions to which we have not alluded x study of the principles 


involved and the treatment of the ms or clinical manifesta- 
tions resulting therefrom, offer to gh&ePphthalmic surgeon an oppor- 
tunity for the exercise of rare j ent as a physician as well as 


profound knowledge of the CA t of refraction. In dealing with 
squint, whether concomit paralytic in character, we are con- 
fronted with fairly de Ws ts which follow rather definite laws. 
In heterophoria, on t her hand, each case becomes an individual 
study, and the r obtained, in giving relief to the suffering of 
its victim, depentMirgely upon a thorough comprehension of the 
factors which Onerate it and the multitude of symptoms which 
attend its peeyence. 

It IWAN ‘to recall at this time that the ocular muscles never act 
as INN ual muscles, but that each movement is the result of the 
porabined action of synergists, with corresponding relaxation of 
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opposing groups. A tendency to insufficiency of convergence, for 
example, should not be imputed to weak internal recti, nor should 
excessive convergence be thought of as overaction of the interni. 
It happens, not infrequently, that anomalous attachments and 
abnormal developments of single muscles may be a factor, but it is 
impossible to disassociate the internal rectus, for example, from the 
action of the vertical recti. Lancaster! recently emphasized the 
fact that each ocular muscle possesses more power than is needed 
for any act which it is called upon to do. He concludes with entire 
correctness, that the deficiencies encountered are, therefore, largely 
innervational. 

Two other facts, common to all forms of heterophoria, need 
stressing in general considerations. The first is this: Although 
the tendency to squint is present, the patient can hold it in check by 
effort. It is the effort which is largely responsible for the symp- 
toms which follow. When the patient is no longer able to hold 
the balance, manifest squint appears and the entire disassociation 
of the two eyes brings relief. Symptoms, other than the manifest 
squint, now disappear. A second fact of importance is the differ- 
ence in reactions of different individuals to similar forms of mus- 
cular incoérdination. Hyperphoria, vertical disturbance, which 
is responsible for so much discomfort to the average patient may 
not cause any inconvenience to others. This may be because of 
inherent differences in the general make-up of the indiytéyals. On 
the other hand, the same patient may find close wefkNnipossible, 
and may enjoy perfect comfort and well-being following an 
out-of-door life, although the same degree of È Yophoria may be 
present for distance and for the near-point. XS 

Nomenclature.—’The nomenclature TON by Stevens for func- 
tional deviations has been ON epted in America and 
abroad. It is as follows: 

Orthophoria.— Perfect binoculgr Qae balance. 

Heterophoria.—A_ tendency, Ope cee binocular muscle bal- 
‘ance. This is a general t@pmhich includes the following sub- 
divisions: NS 

Hyperphoria.— A Cry of the visual axis of one eye to 
deviate above O he other. It is designated as right or left 
hyperphoria. * 

Hypophori ig ee for the visual axis of one eye to deviate 


below th It may be right or left. This term is not much 


used, a NY vertical deviation is usually expressed in terms of 
1 South. Med. Jour. Jour., 1924, 
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hyperphoria, right or left. As it is possible to determine in some 
cases that one visual axis is too low rather than the other too high, 
hypophoria should have a place in our nomenclature. Savage sug- 
gested the term cataphoria to indicate this condition. The author, 
however, is inclined to believe that harmony will be preserved if 
the term hypophoria is used to express the opposite condition from 
that of hyperphoria. 

Double Hyperphoria.—This is a term applied to indicate the ele- 
vation of both visual axes. Stevens called this condition anaphoria. 
If double hyperphoria is used it will obviate the necessity for the 
addition of another word to our nomenclature. 

Double Hypophoria.—This signifies lowering of both visual -axes 
below the projected horizontal plane of the head. For this condi- 
tion Stevens used the term kataphoria. Like anaphoria it does not 
simplify, but adds additional words to our nomenclature. In the 
interests, therefore, of simplicity and accuracy, it would seem best 
to drop the terms anaphoria and kataphoria, as suggested by Stevens, 
and cataphoria, as suggested by Savage, to indicate the lowering of 
the axis of one eye below the horizontal plane of the head. 

Esophoria.—A tendency for the visual axes to deviate inward. 

Exophoria.—A tendency for the visual axes to deviate outward. 

These terms may be compounded into hyper-exophoria, a tendency 
to deviation upward and outward, and hyper-esophoria, a tendency 
to deviation upward and inward. ‘To be correct, hould desig- 
nate the hyperphoria as right or left, althougl right and left 
are not applied to exophoria and esophoria. e author’s judg- 
ment, the terms should be used separately, efor cams exophoria 
with right hyperphoria, etc. 

Cyclophoria.—This is a term cogí by George Price, and 
indicates a tendency of the TR of the vertical meridian of 
the cornea to deviate. out or ir o this condition Stevens gives 
the name of declination. =e is the generally accepted 
term. 

Hyperkinesis.—Thi ing to Duane, indicates excessive 
action of an indiv idu uscle. 

Hypokinesis.— ency of action of an individual muscle. 
(Duane). 

ale out action of an individual muscle. (Duane.) 

Logical though the three terms mentioned last are expres- 
sive SS conditions as indicated, they should not be included 
unde nomenclature of heterophoria, since they refer to indi- 

al ae rather than to groups of muscles which respond to 


0: e?vations. 
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In the diagnosis and treatment of heterophoria, as well as in: 
manifest squint, the use of prisms is most essential. It is important, 
therefore, that the properties of prisms and their application in the 
functional disturbances of the ocular muscles be considered at this 
time. 

A prism differs from ordinary glass, such, for example, as a 
window pane, in that the two surfaces, instead of being parallel to 
each other, are inclined at an angle. This inclination forms an 
angle, also called the apex or edge of the prism. When a ray of 
light, therefore, passes through a prism, instead of passing through 
without bending or refraction, as it would through a window glass, 
it is bent from its course and is said to be refracted toward its 


Angle 
x 


J 


Base xs 
Fie. 47.—Action of a prism on a beam of light. a direction 


which the projected beam takes. 


diverging edge or the base of the prism. IGS law of physics that 


a ray of light passing from a rarer to r medium is deflected 
toward the perpendicular, and wheikit Passes from a denser to a 
rarer medium it is bent away from)? perpendicular. In Fig. 47 
a ray of light from A which is me to pass through a prism placed 
before the eye is deflected tow&® the perpendicular of the prismatic 
surface, x y, because the iS denser than air. As it leaves the 
second surface of the pr¢éMy¥x z, it is bent away from the perpendicu- 
lar and enters the ee. ) The light, A, therefore, is seen, not at A, 
but as though displaced toward the apex and virtually appears as 
at A’. A prisr €refore, is said to refract toward its base and to 
displace the 4 O. of an object toward the apex, angle or edge. 
Numb, Prisms. — Prisms were formerly numbered by the re- 
fracting èle formed between their two refracting surfaces. They 


O 
4? 
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were marked from 1 degree up. Thus designated, the numerals 
simply indicated the angles of the refracting surfaces and did not 
express the amount of deviation which a ray of light would undergo 
in passing through a prism so designated. To Dr. Edward Jackson 
we are indebted for his bringing the subject before the Ninth Inter- 
national Congress, when a standard nomenclature was adopted and 
prisms were designated by their power of deviation. 

Two methods were proposed, now universally adopted, one by 
Dennett and the other by Prentice. 

Dennett's Method.—In this method the centrad is the unit, desig- 
nated symbolically by the Greek letter delta inverted, V. A 1 
centrad prism will deviate a ray of light the 0.01 part of the arc 
of the radian. This is arc measurement and is equal to 0.57295 


90° 


7.2957 


R 
Fic. 48.— Illustrating Dennett’s method of numbering ror (From Thorington’s 


‘‘Prisms.’’) 
xO 


degrees. The value of the centrad Pinea as follows: In Fig. 

48 A and C is the radian of the a! A ich is obtained by measuring 
off on the circumference of the on a distance equal to the length 
of the radius of the arc, A he radian is equivalent to 57.295 
degrees. The centrad is es g of the radian, or 0.57295 degrees. 
This unit of measur RG ant and the value of any ulap of 
the unit, as, for wep 10 centrads, is obtained by multiplying 
the value of th 0.57295 degrees by 10. The value of 10 
centrads is 5.7295 degrees. 

Prentice’ s-SMethod.—The unit of measure adopted for this method 
is called diopter and symbolically is designated by the Greek 
lette deh , A. One prism diopter will deviate a ray of light 1 cm. 
for Pcie: of distance, At 2 meters the deviation will be 2 cm., 
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etc. It will be noted in Fig. 49 that the prism diopter is tangential 
measurement in contrast to the arc measurement of the centrad. 
The two units of measure are so nearly equal in value up to 20 that 
either system may be used with equal accuracy. Beyond 20 cen- 


Prism-Diopters 


Fre. 49.—Comparing Dennett’s and Prentice’s methods of 1 Pe prisms. 
From Thorington’s “Prisms.” 
g 


trads or 20 prism diopters, the centrad PON be uniform 


while the prism diopter loses in value. o table.) 


Prism- Refracting Prism- Refracting 
Centrads. diopters. angle. TA diopters. angle. 
. 0000 1°.00 AE Are mee 17.164 16°.98 
2.0001 2°.12 © Sata S al 18.196 LON BS 
3.0013 a E& Oley rata sear = 19.230 18°.68 
. 0028 4° 2 7A eee kita a SL 20.270 19° .45 
5.0045 53 o> BO UO FORAY Vleet 25.550 23° .43 
j. 0063 A 2 SOENE AASA S Ses 30.934 26°.81 
0115 NS 35 BOM A, ation nae 36.500 29:2: T2 
) fe} 


0172 38 BO ieee eae 4 AERO 32°18 

ol y 9° 39 A ee hye a AR aD 34°20 
10°.39 BOR teat ENBA AB TA 35°.94 

11°.37 Gee Geta Grane. a6 38°. 31 

12° 34 Pa ody ine ah Fe SARI 39°73 
Oe 13°.29 Bia actin) oe Aor OBE 40°29 
0920 14°23 A ERA 120010 40°.49 
15.1140 15°16 100 j : : 155.750 39° 14 


RY 16.1380 16°.08 


A alue of centrads and prism diopters. (Courtesy of Thorington and 
Pub S ! 
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RELATION BETWEEN ACCOMMODATION AND CONVERGENCE. 


To Donders we are indebted for concise knowledge. of accommo- 
dation and its unit of measure, the diopter of accommodation, and 
to Nagel for the unit of measure of convergence, the meter angle of 
convergence. The relation of these units is most vital in a study 
of heterophoria. It is well known that if the ciliary muscle of an 
emmetropic eye is completely controlled by a cycloplegic, such as 
atropine, the patient when looking at infinity will not be able nor 
will he find it necessary to call into play any accommodative power 
in order to see clearly. When we substitute for infinity the usual 
testing distance on the Snellen chart, 6 meters, the same condition 
obtains. If, on the other hand, he is asked to read the letters which 
the normal emmetropic eye, without cycloplegia, should read at 
1 meter’s distance; he will be unable to read unless a 1 diopter 
sphere is placed before the eye. He is said, therefore, to use 1 
diopter of accommodation. Similarly, at 0.5 meter’s distance, or 
50 em., he will need a 2 diopter sphere, which is equivalent to 2 
diopters of accommodation. At 33 cm. he will accommodate 3 
diopters, and at 25 cm. he will require 4 diopters of accommodation, 
ete. These are definite and fixed quantities of accommodation 
required by a normal emmetropic eye. 

As the patient normally uses both eyes in the act of accommoda- 
tion, it becomes necessary for the eyes to converggN& order to fix 
on any point nearer than infinity. To correspor the diopter of 
accommodation required by an emmetrope ad at 1 meter’s 
distance, Nagel expressed the degree of vergence required of 
each eye for this act as a meter angle of CaQgedrgence. At 50 cm. the 
convergence will amount to 2 mefex gles; at 33 cm., 3 meter 
angles; at 25 cm., 4 meter angles, A) t will be observed, there- 
fore, that by this facile mode of épressing the degree of accommo- 
dation and the degree of convéxgence, a normal relation is clearly 
established and the disturbed@élation in ametropia is easily followed. 

Effect of Ametropia o Relation.— Let us assume an error of 
2 diopters of hyper ja. In order to read Snellen type at 1 
meter, this pati require not only the normal 1 diopter of 
A Nosh must add on his 2 diopters of spheric error, 
making a orn 3 diopters. For this same distance he will, how- 

ut 1 meter angle of convergence. At 50 cm. he will 


ever, requ 


Si of accommodation normally plus 2 required by 
‘opia, making a total of 4 diopters of accommodation to 


his N 
2 Ný r angles of convergence. At 33 cm. the relation will be 5 


e 
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diopters of accommodation and 3 meter angles of convergence. At 
25 cm., 6 diopters of accommodation and 4 meter angles of con- 
vergence, etc. 

If the patient’s ametropia amounts to —2 diopters the relations 
will be as follows: At 1 meter no accommodation will be required, 
but 1 meter angle of convergence will be necessary; at 50 cm., no 
accommodation, 2 meter angles of convergence; at 33 cm., 1 diopter 
of accommodation will be necessary and 3 meter angles of con- 
vergence. At 25 cm., 3 diopters of accommodation will be called 
into action and 4 meter angles of convergence. 

These disturbed relations are graphically expressed in the follow- 
ing table: 


Emmetropia. +2D. —2D. 

a nF AEE TEN poe 

AS G: A. C A. C. 

6 meters (0) 0 2 0 0 0 
1 meter 1 1 3 1 0 1 
50 cm. 2 2 4 2 0 2 
Sot 3 3 5 3 1. 3 
Boma: 4 4 6 4 2 4 


The vital bearing which disturbance of the relation between 
accommodation and convergence, caused by ametropia, will become 
more apparent in the discussion of esophoria and exophoria. At 
this point, however, the reader will experience no difficulty in noting 
that hypermetropia tends to increase convergence and that myopia, 
by the lowered accommodation required, tends tora about 
defective convergence. It is upon these tenden that some 
believe the “accommodative theory” of a Mishes a satis- 
factory working basis by which to explain N of squint. 
Final judgment, however, should be hel She ance until the 
etiology of squint is more thoroughly dgy 

A point of practical importance, ~ Sanr of accom- 
modation and convergence in amet@Ņ Se is the “drawing” 
or “pulling,” of which many pnt complain when wearing 
glasses. for the first time, if ween is too full. The forced 
breaking-up of a relation bee accommodation and convergence, 
which is not normal, bu h was acquired during the years when 
glasses were not w en results in discomfort to the patient 
aside from the blyrriff¥ which follows failure of the ciliary muscle 
to relax after a ft rrection is ordered. It is an argument against 
prescribing XO: under a cycloplegic as a routine matter or the 
routine RNS thumb” cutting of the sphere as applicable to every 
case—a\Q) tice which is only too often followed in every-day 
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MUSCULAR DYNAMICS. 


In studying heterophoria it is essential that we investigate the 
rotating power of individual muscles, with their accompanying 
synergists or associates, of each eye separately and the ability to 
overcome prisms when the two eyes are used together. The first 
is a test of muscle strength or ability to respond to an innervation 
with one eye occluded, and refers to the rotating power of an eye. 
The second is a study of prism duction power, a test of the patient’s 
fusion power. The two are often confounded. In earlier sections 
an effort was made to pave the way for a better differentiation of 
these two functions of the eyes, by limiting the terminology in 
rotations to external, internal, outward, or inward, temporal or 
nasal, etc., and the terms abduction, adduction, supraduction and 
infraduction were not employed. These terms have been reserved 
to express the ability of the eyes to overcome prisms. It may be 
argued by some that this is drawing too fine a distinction, but it is 
the author’s conviction that if carefully followed it will help the 
student to think more clearly and concisely, and the difference 
between rotations and ductions will always be definite. 

Rotations.—The subject of arc rotations was discussed under 
“fixation fields” and the methods were fully described. These 
studies are of greater importance in squint. In all complicated 
cases of heterophoria, however, the rotating power g@&gach eye may 


be of much help in arriving at the best method atment of the 
heterophoria. 

Prism Duction Power.—In a study of ophoria, and espe- 
cially in the treatment of the same, i ot only necessary to 


determine the kind and degree of Vena but a knowledge 
a 


of the duction power is equally gss . For example, in exoph- 
oria it is necessary to know goo of the abducting and 
adducting power of the patieyt, wécause on the relation of these will 
depend the treatment to scribed to correct the exophoria. 
Ductions are obtaine lacing increasing strengths of prisms 
up or down, in or out ore the eye, as the case may be, until the 
displacement T images becomes insuperable and manifest 
diplopia appear he tests should be made at a distance of 6 
. meters front (Ge muscle light, in a slightly darkened room, the light 
being on ON with the patient’s eyes or a little below this level. 
Suprdigietion.—In order to test supraduction a 1 diopter or 


cen rism should be placed in a trial frame before the right eye, 
\" mple, base down, and the patient is asked to watch the 
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muscle light carefully for the appearance of a second image dis- 
placed upward. It should be recalled that the image is displaced 
toward the apex of the prism. The light will, therefore, fall below 
the macula. If the patient’s power for fusion is normal the macula 
will be rotated downward, in the interests of single binocular 
vision, and the two lights will be seen singly. A downward rotation 
of the macula is accomplished by rotating the cornea of the right 
eye upward, hence the term supraduction. The strength of the 
prism is gradually increased until the patient is no longer able to 
fuse the two images into one if they have separated. The strength 
of prism which the patient is able to overcome and maintain single 
binocular vision is a measure of the supraduction. If the patient 
can overcome the displacing effect of a 3 diopter prism and 4 
diopters produce insurmountable diplopia, the measure of the supra- 
duction is 3 diopters. The normal average supraducting power. is 
2 to 3 diopters. These are rather constant values. Few patients 
can overcome more than 4 diopters with the prism placed base 
down. A recent patient of the author’s was able to fuse 8 prism 
diopters displacement. This is exceptional. 

It is immaterial whether the prism is placed before the right or 
left eye. The results should be the same or approximately the 
same in average eyes.’ The test is not one of muscle strength, but 
a test of the ability of eyes to operate disassociatedly in the interests 
of single binocular vision. The reader may recall th vertical 
balance is present in an infant at birth. It also is gcNnrtal fact, 
recognized by all, that in the treatment of hype ia little can 
be accomplished by exercising the vertical balmee by means of 
prisms. The test is a binocular one and shou the same whether 


the prism is placed before the right or Jefteye. In those cases in 
which a right supraduction is found gr > Sr less than when the 


prism is placed base down before theeft eye the discrepancy may 
be due to: (1) A lack of proper cakeJon the part of the patient or 
operator; (2) the slight influ of exercise or perhaps greater 
effort on the part of the pa s the tests proceed; and (3) the 
influence of fatigue. No t one eye does the fixing. 
Infraduction.— Lik Q)raduction, infraduction, as a rule, is 
between 2 and 4 dÑp%rs. It is measured by means of prisms 
placed base up heffye either eye. It is slightly in excess of supra- 
duction. nee is influenced by fatigue. If infraduction is 
measured jt lately after supraduction is taken, the measurement 
may be we y less than if taken first. The reverse, in the author’s 
a shows greater variation. That is, if supraduction is 
~Q 
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taken immediately after infraduction is measured, the measurements 
of supraduction are more apt to show minimum duction. 

The sum total of supraduction and infraduction is the amplitude 
of vertical ductions. The amplitude in the vertical falls far below 
that of the lateral, a fact which will have great clinical significance 
in the correction of hyperphoria. 

Abduction.—The ability to overcome prisms, placed base in before 
one or both eyes, is known as abduction. The process by which 
this is accomplished is as follows: When a prism is placed base in 


_ before the right eye, the left eye fixing on the muscle light at 6 


meters, the prism displaces the image of the light before the right 
eye toward the apex or angle. The image of the light will, there- 
fore, fall to the inner side of the macula. In the interest of single 
binocular ‘vision or the dread of diplopia, as expressed by some, 
the right macula will be moved toward the image on the inner side 
of the retina. To accomplish this movement, the corneal pole of 
the eye will be moved outward to the temporal side. The eye is 
said to be abducted. The strongest prism which can be overcome 
when placed before the eye, base in, will be the measure of the 
abduction. Ifthe patient can overcome a 7 diopter prism so placed, 
and an 8 diopter prism causes insuperable diplopia, the measure of 
the abducting power is 7 diopters. The same results will be obtained 
if the prisms are placed before either eye separately, or if the prism 
strength is divided between the two eyes. Thigef&act will bear 
reiteration. While the one eye remains fixed, igh the station- ` 
ary muscle light, the eye before which the pais placed will be 


deviated; it represents the abducting po both eyes. Here 
again the test is not one of muscle str , but of a conjugate 
innervation, in which fusion plays ; ortant role. 

The average abduction varies, f to 8 diopters. In some 


instances it falls as low as 1 or Mi opters, and in exceptional cases 
the abducting power may Fa high as 14 diopters. The latter 
is exceedingly rare. The ge is nearer 4 than 8 diopters. In 
the same individual abg n is fairly constant from day to day. 
Like supraduction a raduction, abduction does not admit of 
encouraging res efforts to increase its strength by prism 
training. Aare limitations orthoptic exercises accom- 
plish more cea training in the vertical, but the results fall 
far short 4 iat can be done by training the adducting power. 


The r¢ KRY for this are evident. Conjugate innervations for con- 
verg call forth response almost every moment of conscious 
oy hours, and, therefore, it is in constant demand and training. 
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Divergence, on the other hand, occasionally spoken of as “negative 
convergence,” is rarely called into action because of a total absence 
of our need for it, and the innervation is therefore a feebly developed 
innervation. 

Adduction.—The ability to overcome prisms placed base out 
before either or both eyes is known as adduction. A distinction 
should be made between convergence and adduction. Both are 
innervational acts, and both depend upon a normal musculature to 
execute or to respond to the innervation. Convergence, however, is 
a normal physiological act which is unconsciously practised by 
every normal individual, whereas adduction is a drawing together 
of the visual axes against resistance, the prism furnishing the 
resistance in causing a separation of the images. The term “prism 
convergence” may be used synonymously with adduction. 

To determine the maximum prism convergence, prisms are 
placed base out, before one eye in increasing strengths until the 
lateral displacement of the images cannot be increased without 
causing insuperable diplopia. The strongest prism which can be 
overcome without separation of the images is the measure of the 
adduction. Because of great possibilities in training by increasing 
strengths of prisms which can be overcome by an average patient, 
the measure of adduction may change from day to day in the same 
individual, and it becomes difficult to strike an average figure which 
might be called an average for all individuals. In fact adduct- 
ing power, as given by various text-books, varies tly. The 
discrepancy depends largely upon an individual or’s method 
of study. If the amount found at the first exgaQWition is selected, 
which is not a fair test for a patient, the ay, OQ adducting power 
of all patients will probably not exceed ers. If, on the other 
hand, the highest prism diopters aregta as a final reading after 
repeated attempts are made, the r Kis will also lack uniformity 
and will be unfair to the individ A more or less concerted 
effort has been made to create Qhiopia beyond the reach of fusion 
and record as a measure uction, the highest prism diopter 
which the patient is ab overcome by a gradual reduction in 
) the strength of the pe A) If this latter plan is followed the result- 
| ing figures will not esent the true fusion power of the patient. 
| All figures will Gyo low. At best, the test is a difficult one for 
| the average p t. It will be found necessary, therefore, in the 
| taking of ap Wuction to make two or three attempts before a cor- 
rect reas s obtainable. If this same method is practised for each 
| form ction, the figures obtained will fairly represent the duction 
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power available for the individual in his daily needs. Such measure- 
ments furnish a better working basis to account for the heterophoria 
present, and also point the way for proper treatment. A fair 
average of the strength of adduction, if this method is practised, is 
from 15 to 18 diopters. 

Of vital importance from a clinical standpoint is the facility with 
which adduction can be trained in a majority of cases. After the 
patient has caught the knack of fusing prisms, 50 to 90 diopters 
may easily be overcome. This fact explains the reasons for the 
greater success from training in exophoria than in esophoria and 
hyperphoria. 

The relation of abduction to adduction, when the measurements 
are taken at 6 meters, is of importance in orthophoria and in the 
lateral phorias. A ratio of 1 for abduction to 3 of adductions may 
be considered normal. In abnormal cases great variations are 
observed. Adduction is mostly in excess of abduction, but case 
records occasionally show an excess of abduction over that of 
adduction. 

The amplitude of fusion horizontally is the sum total of adduction 
and abduction. This value, however, is not of so much importance 
clinically as the relation which one bears to the other. 

Types of Prisms Used in Taking Ductions.—Measuring duction 
power by means of loose prisms placed in a trial frame is unsatis- 
factory, because the increase cannot be made smgythly and the 


tests are too time consuming. A prism battery tsuggested by 
Noyes, and modified by Gould (Fig. 50), is a g ight y better method 
for taking lateral ductions but impractica r vertical measure- 


ments. Gould’s battery begins with 1 Oer prisms and increases 
1 diopter at a step up to 20. The $ are pivoted so that they 
may be placed bases out or in. o, is a rough test at best 
but a rapid method of arriving approximate results. It possesses 
one advantage in that the pri are equally divided between the 
two eyes. 

A smoother method 
strength was devise 
Edward Jacksor 


creasing and diminishing the prism 
the late Dr. Samuel Risley and by Dr. 
ey’s rotating prism, the form which is now 


generally used, ists of two 15 diopter prisms placed in a frame 
with a rotatia device, so that the prisms may be made to neu- 
tralize eac er and may be rotated in opposite directions until 


a mayi of 30 diopters are obtained. The increase or decrease 
is ARO very gradually and smoothly. On the surface of the prism 
frameé*a scale is plainly marked, and one has but to read from the 


SY 
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surface scale the degree of adduction or abduction as well as vertical 
duction (Fig. 51). The modern phorometers are equipped with 
VS 


Fia. sgt rotary prism. (From “Ocular Muscles,” by Hansell and Reber.) 
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two Risley rotating prisms for use, one before each eye. There 
also is an advantage in being able to operate both prisms simulta- 
neously. Chromatic aberration and prismatic astigmatism pro- 
duced by the higher denominations of prisms tend to lower vision 
and, at the same time, tend to make the images before the eyes 
dissimilar—a condition which may interfere with fusion. It is 
desirable, therefore, to be able to divide the prisms before the eyes 
and in a measure overcome this difficulty. 

Jackson’s rotating prism consists of one 15 diopter stationary 
prism, around which are made to rotate two 7.5 diopter prisms. 
It is especially adapted to a study of the lower degrees of ductions 
because its operation is more delicate than the Risley prism. 


amplitude of convergence.C Wor the determination of the near-point 
vised an ophthalmodynamometer, which 


incomplete without rena the convergence near-point and the 


of convergence, Lan 
is illustrated in Fi . 

It consists of(a fidollow black cylinder with a narrow vertical 
which, within the cylinder, is placed a lamp. 
“cylinder is a tape, graduated in centimeters on one 
6 the corresponding meter angles on the other. The 
is determined by approximating the cylinder toward the 


near AAN 
me while the patient observes the. illuminated slit. As the 
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near-point is reached, the line tends to broaden, and as the slit 
passes inside the convergence near-point, the line becomes double. 
The distance of the slit from the eyes is measured by means of the 
tape in centimeters and in corresponding meter angles. The 
advantages of the method are, first, the ease with which the final 
approximate measure in centimeters and meter angles can be made; 
a second advantage lies in the fact that the illuminated line on the 
cylinder obviates the necessity of correcting for any hyperphoria 
which may be present. Its disadvantage is the necessity of multi- 
plication of instruments when simpler methods are at hand. 
Instead of an unnecessarily cumbersome instrument, such as the 
one described, a line placed on a card board will answer the pur- 
pose quite as well and is easily procured. Instead of a line, some- 
times a dot is used for the same purpose. If any hyperphoria is 
present, however, measurements of the near-point may not be 
obtainable because of vertical diplopia. The line obviates this 
difficulty, as vertical displacement will not figure in the results. 
For practical clinical work the author has found, as many others 
likewise, that a miniature electric light, such as is used in a lumin- 
ous ophthalmoscope, serves as a subjective and an objective test 
at the same time. While the patient watches carefully for the 
appearance of two lights, the physician observes the position of the 
corneal images of the light in the pupillary areas. When the 
patient sees: two lights the physician will see a TAA posi- 
tion of the corneal image of the light as one eye dente one 
This point in convergence is carefully measured i imeters. 
there is a considerable degree of hyperphoria r it should Y 
tƏshould be observed 


ance. According to 


corrected before the near-point is taken. 
in the accurate measurement of this 
Duane,! the meter stick should mAn} rom a point 9.5 mm. 
from the apex when the eyes are d straight forward, and to 
this measurement 25 mm. should} added, as the total distance 
of the convergence near-poin the interaxial base line. George, 
Toren and Lowell,? by me ay. an instrument, which they desig- 
nated an “ocular kine êf,” found the center of rotation of 
the eyeball to be a posterior to the corneal vertex and 
1.65 mm. nasalwar tg the visual line. This fact, therefore, should 
in measuring the convergence near-point in order 
results. 

vergence near-point in centimeters,. its conversion 
ngles is accomplished by dividing 100 by the near- 


be borne in min 
to obtain ace 
Given ¢ 


into AN 
1 Argh. Wphthal., March, 1924. 2 Am. Jour. Ophthal., October, 1928, p. 833. 
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point expressed in centimeters. The quotient is meter angles of 
convergence. For example, a patient who can converge up to 
12.5 cm. from the interaxial base line has 8 meter angles of con- 
vergence. . 

In a discussion of the relation of the meter angle of convergence 
to the diopter of accommodation, the exact value of the meter angle 
was not given. This will depend upon the interaxial distance of 
the two eyes. We are apt to speak of this base line as the inter- 
pupillary base line, or as the base line which connects the centers of 
rotation of the eyeballs. Duane, very properly, in the communica- 
tion in the Archives of Ophthalmology, quoted above, insists that 
this is incorrect. According to George, the center of rotation is not 
in the visual line, but 1.65 mm. to the nasal side of this line. A 
careful analysis of the chart suggested by Duane will convince the ) 
reader that the base line from which the convergence near-point 
is measured should be the intersection of the visual axes. 

In order to convert meter angles into degrees, the exact measure- 
ment of the interaxial distance must be made. Duane advises the 
following method. Ina dark room the exact position of the corneal 
reflex within the pupil is made of each eye separately, one eye being 
occluded, by directing the patient to look at the mirror which 
reflects the light into the eye, the operator taking his observation 
from behind the mirror. This, having been determined, the 
operator, facing the patient, closes his own right eye nd occludes 
the patient’s left. The meter measure is now so eg before the 
patient’s eye that it will exactly mark the posi@y of the visual 
line in the pupil, as previously determined, t tient fixing upon 
the operator’s eye. The patient’s right © now occluded and | 
the operator’s left is closed, the patient xS xing with his left eye 
on the physician’s right. The positi Nie visual line is observed 
on the meter measure, under s s similar to those observed 
in the right eye. This will yield} rly accurate results. 

If, instead of the interpupil gy distance, as suggested by Landolt, 
we substitute the term iors distance” of a child of 58 mm., | 
the value of the met Qa will be 1 degree 40 minutes, or 100 
minutes. An integ ase line of 64 mm. will make the meter 
angle 1 degree 5 myfutes, or 110 minutes, in value. Nine-meter 
angles in the instance would be equivalent to 15 degrees and 
in the secor tance to 16.5 degrees. Ordinarily, however, the 
axing verze sometimes called positive convergence, is 
expre linear measure, that is, the distance of the convergence 
Ny t from the interaxial line, or it is expressed in meter angles. | 
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The amplitude of convergence is the difference between the con- 
vergence near-point, also called positive convergence, and the maxi- 
mum point of divergence, which is also called negative convergence. 

Maximum divergence is measured by determining the prism 
abducting power of the patient obtained by placing prisms, base in, 
before one eye. Abduction varies, as has been shown from 4 to 8 
prism diopters. A rapid, although only an approximately correct, 
way of converting the prism diopters thus obtained into meter 
angles is to divide the abduction by 7. If the abducting power 
obtained is 7 diopters, 7 divided by 7 would equal 1 meter angle of 
maximum divergence or minimum negative convergence. If abduc- 
tion is 8 prism diopters, 8 divided by 7 would be the number of 
meter angles, or 1.1 meter angles of maximum divergence. ‘This 
method is sufficiently accurate and rapid to make the more correct 
method of calculation unnecessary. 

For those who wish to follow the calculation through, the follow- 
ing method is given: In an interaxial distance of 64 mm. the 
value of the meter angle is 1 degree 50 minutes, or 110 minutes, or 
its equivalent in fraction form, 110/60 degree. In the above 
example of 7 diopters of divergence the value of each prism diopter 
is 0.57295 degrees. The value of 7 diopters is 7 times 0.57295 
degrees or 4.01 degrees. If each meter angle has a value of 110/60 
degrees, 110/60 degrees divided into 4.01 degrees equals 2.19 meter 
angles. This, however, represents the total divergenge\of the two 
eyes as the one eye remains fixed. In the divers BS > but one- 
half the amount will be required from each eye e meter angle 
of divergence of each eye will be one-half of QN9, or 1.09 meter 


angles. \- 

The amplitude or range of conver X erefore, is the maxi- 
mum divergence plus the maximu Lay ence. In orthophoria, 
or a normal muscle balance, Lang believes that 9 meter angles 
of convergence are necessary for fortable sustained close work. 
This will allow 3 meter a Bof convergence required for the 
average normal distance Qe work, 33 cm. Six-meter angles 
will be held in reserves eserve of less than 6 meter angles in 
Landolt’s judgme Q be insufficient. In this opinion most 
authorities reais he reader will appreciate, therefore, the 
importance of @xefully determining the convergence near-point 


and the correspending meter angle of convergence in all cases of 
lateral het¢rephoria. 
Lar improved model of double prisms made by Zeiss, 


gradya®d in meter angles and diopters, facilitates the measuring of 
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the angle of divergence, but the ready method given above, as 
suggested by Hansell and Reber is equally simple and practical. 


METHODS OF DETERMINING THE MUSCLE BALANCE. 


The various tests employed in determining the muscle balance 
have as their underlying principle the changing of the retinal 
image of one eye as to color, size, shape, or position, so that fusion 
will not operate in the interests of single binocular vision, and a 
latent tendency to heterophoria will become manifest, the degree 
and character of which can be carefully determined. 

The tests may be arranged in three groups: (1) Displacement, or 
diplopia tests; (2) distortion tests; (3) cover tests. 

Displacement, or Diplopia Tests.— The displacement test, which 
was suggested by von Graefe, consists in creating insuperable 
diplopia in a vertical direction to determine the presence of a lateral 
imbalance, and insuperable diplopia in a lateral direction to make 
manifest a vertical deviation. 

If an 8 diopter prism is placed base down before the right eye the 
right image will be displaced upward so that the two images cannot 
be fused in an average case. If the fusion faculty is capable of 
bringing the two images together a prism of a higher denomination 
must be employed. This will rarely be found to be necessary. 
With the images displaced in a vertical direction,he operator 
determines from the patient’s answers whether th Ko images are 
in a vertical line. If they are not, the next po to determine is, 
to which side of the lower light the up Image is located. 
If the upper image, the image of the rig é, is situated to the 
right, honomymous displacement, the SG on is one of esophoria. 
„As a prism displaces the image to e apex, the strength of 
prism, placed base out, which wilkbring the upper image directly 
in a vertical line with the lower @age, will be the measure of the 
esophoria in prism diopters centrads. If the upper image is 
found to be to the left o ower light, the condition will be a 
crossed displacement, N phoria. The strength of prism, placed 
in the frame, base in, re either eye, which will bring the images, 
one over the oth A a vertical direction, is the measure of the 
exophoria in pry lopters. ‘These measurements are correct only 
when the gah ce at a distance of 6 meters from the patient. 

To det d to measure a vertical deviation, a displacing prism 


of 8 dis is placed in the trial frame, base in, before either eye. 
If RY of 8 diopters is insufficient to produce insuperable diplopia 
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in a lateral direction, a prism of a higher denomination must be 
employed. Because of the greater strength of the converging 
power of the eyes, and the ability of the patient to overcome prisms 
of high refracting power, the prism is not placed base out. If 
placed before the right eye the right image will be displaced to the 
right. If the right image is in the same horizontal plane as the left, 
there is no tendency to latent deviation in the vertical, and the 
condition is one of orthophoria in the vertical direction. If the 
right image is above the left the condition is left hyperphoria. 
That is, the left eye is higher than the right and the left image, 
therefore, is lower than the right. The strength of prism, placed 
base down before the hyperphoric eye, which will restore the images 
to a common level, is the measure of the left hyperphoria in prism 
diopters. If the right image is below the left, the condition is right 
hyperphoria. The prism placed base down before the right eye, 
which will raise the right image to the level of the left, is the measure 
of the degree of right hyperphoria in prism diopters. 


er SN ae 


(imine 


rep —Stevens’ phorometer. 


In Stevens’ pl OE two 5 diopter prisms are so placed in 
revolving framgy=ontrolled by a lever, that the prism strengths 
are divided reen the eyes, and they can correct displacement 
either ANS ‘tical or a horizontal direction.!. By a simple rotation 


a loogafrism placed back of the rotating prisms in an appropriate cell, 


1 eh l vertical or horizontal diplopia is induced, as in the von Graefe test, by 
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of the handle the images can be brought into alignment, either in 
the vertical or the horizontal, and the degree of the phoria and the 
character of the same is read directly from the face of the prism 
frames, which are accurately graduated (Fig. 53). 

Although the method of testing the balance on the phorometer is 
simplified and quick of execution, the beginner will do well to 
practise at first with loose prisms in order to become familiar with 
the technic and the principles involved. In placing loose prisms 
in the trial frames, great care must be observed that the prisms 
are accurately placed, lest an artificial phoria be created in the 
direction in which the measurements are being taken. 

In taking the muscle balance, either by this method or by any 
other method, the reader is reminded that he is not measuring 
innervations, nor is he measuring the strength of an individual 
muscle. The fusion faculty is in abeyance and should not be 
operative. The position which one eye assumes in relation to the 
other is not the result of over- or under-action of a single muscle, 
but of the combined action of all the muscles while the eyes stand 
“attention.” 

Maddox Double Prism.—Maddox arranged two 4 diopter prisms 
in a cell suitable for a trial frame, as shown in Figs. 54 and 55. 
The prisms are placed with bases together, so that the image before 
which the prism is placed will be converted into two—one above 
and the other below the horizontal. The image o ike other eye 
will appear midway between. If the middle ima either side 


of the vertical line, which would connect th le images, the 
patient has esophoria or exophoria and theQwism placed base in 
or out before either eye, which will bri he three images into 


alignment, will be the measure of t phoria or exophoria. In 
order to measure hyperphoria the O prism should be placed 
horizontally. In this position, hoever the results are not so satis- 
factory because the displacemeðtJof the images, as a rule, is not 
sufficient to entirely elimin e fusion influence. Even in deter- 
mining lateral imbalance any images which the patient must 
consider is confusing he results are diffcult to obtain. It is 
at times a diffic @patter to obtain satisfactory answers from 
patients, and C. a muscle balance the least complicated 
method w hich employed usually proves to be the most satis- 


factory. 
Inst o the Maddox double prism, Thorington’s truncated 
pris de of red glass or cobalt blue, may be substituted. In 
es the two prismatic bases are separated by a breadth of 


thi 
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rexophoria. (From Thorington’s ‘‘ Prisms.’’) 


Er 


Fic. 1.—A, three images c KA by streak; B, no lateral deviation; C, exo- 
phoria; D, exophoria; E, left AN 


Fic. 2.—F, no verticg ation; G, left hyperphoria; H, right hyperphoria. 


METHODS OF DETERMINING MUSCLE BALANCE | 


plain glass. Either the red or the cobalt blue truncated prism is 
better than the Maddox prism if a test of this character is desired.. 


Fic. 54.—Maddox double prism. (From ‘‘Ocular Muscles,’’ by Hansell and Reber.) 


ð beam of light (Maddox.) (From “Ocular 


Fie. 55.—Effect of a double pris e 
ansell and Reber.) 


N 


Distorting Tests. {These tests depend upon the distortion of one 
image in order tog eo ess or to remove the desire for fusion. Three 
are to be congigga, the cobalt-blue glass, the convex sphere and 
the Maddo 

Cobal Glass.—A glass stained with cobalt oxide possesses 
the N of intercepting all the rays of the spectrum, excepting 
there and blue. When such a glass is placed before an emmetropic 
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eye the image will be much smaller than the real image, and the 
center of the image will be blue surrounded by a red halo. The 
same arrangement of colors will be present in hypermetropia, 
excepting that the red will not be arranged in a circular manner 
if astigmatism is present. In myopia the center of the image will 
be red and the halo will be blue. Hansell and Reber believe that 
this test has some advantage over other tests, in that the cobalt 
glass does not refract the rays of light entering the eye, in front of 
which it is placed. They believe that any deviation which the 
test reveals or uncovers is true muscular insufficiency. The test 
can only be used when there is an appreciable amount of heteropho- 
ria present because in low degrees there will be a tendency to fuse 
even though one image is distorted and discolored. In fact, the 
author believes that the test is only practicable in hyperphoria of 
2 or more diopters. In the lateral a true measure is difficult because 
of the desire to fuse unless the lateral tendency is of considerable 
degree. It is a test which is not often employed in routine practice. 


Orthophoria. Q Heterophoria. 
Fic. 56.—The convex spherical test. rok ps lar Muscles,” by Hansell and 
Rel@r.) 


The Convex Sphere.— If, ipse of a cobalt-blue glass, a convex 
sphere of 20 diopters is pl n a trial frame before one eye and a 
pin-hole disk is place By f the lens so as to cut off all of the 
sphere but the cente NX: muscle light will have the appearance of 
a luminous disk pf ltMt, as illustrated in Fig. 56. If orthophoria 
prevails the true ge before the other eye will consist of a bright 
dot or flame’*éf&Mhe center of the luminous disk of light. If hetero- 
phoria is t the true image will not be in the center of the disk, 
but WA displaced laterally or vertically. The prism or prisms 
paN erally and vertically, which will make the true image to 
ogdupy the center of the disk will be the measure of the heterophoria. 
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This test also has a serious objection. The sphere must be | 
most accurately centered in the trial frame before the patient’s eye Ii 
or an artificial heterophoria will be created. It is most difficult I 
to correctly place the sphere to obviate this error and for this reason lin 
the author has not found the test of much value. i 

The Maddox Rod.— The Maddox rod consists virtually of a glass | 
rod mounted on a black disk in lens form, and fitted to a trial i 
frame (Fig. 57). The principle of the rod lies in the fact that a | 
rod so mounted refracts in only one direction, that at right angles i| 
to its axis. It therefore converts a luminous point of light into a i 
line of light. When a Maddox rod is placed before one eye, a ih 

| 
} 


muscle light at 6 meters distance will look like a line of light. If the 
patient has orthophoria, the true image of the muscle light will 
be found directly in the line of light or the line of light will be said 


to pass through the light. If the rod is pla etor the right eye (i 
at axis 90, the line will appear in the hoya meridian. In right 

hyperphoria the line will be below th tand the prism placed 
base down before the right eye whicfqwill bring the line up to the 
level of the light is the measure of tħeħyperphoria in prism diopters. 
If the line is above the light, t Qyndition will be left hyperphoria. 
To explain the reason for tly placement in hyperphoria, whether 
right or left, the reader ¢ Qi recall that in right hyperphoria the 
right eye is higher t, K Pre left, and its image must, therefore, be 
below, according toth laws of projection and direction. 

To measure es@Bkoria and exophoria, the axis of the rod should be | 
placed at 180 čes in the trial frame. The line of light will then f 
appear ine a@ertical direction. If the rod is before the right eye 
and it NA by the patient to the right of the light, the condi- 
tion a of esophoria, homonymous displacement. The degree of 


© | 

oo 
<b | 
Y 


Fıc. 57.— Maddox double rod. (From Thorington’ss\Beiééms.’’) 
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esophoria will be determined by the prism placed base out which will 
cause the line to pass through the light. If the line is to the patient’s 
left, 2. e., crossed displacement, the condition is exophoria. The 
amount of exophoria is measured by prisms placed base in before 
either eye, which will cause the line to pass through the light. 

This test is the most practical, of easy application, and the one 
usually employed in every-day practice. Steven’s phorometer is 
equipped with two Maddox rods so that the test can be varied by 
placing it before either eye. In addition, the double rotating prisms 
attached, quickly record the amount of the heterophoria which may 
be read from the face of the prisms (Fig. 53). 

Instead of a single rod, Maddox also devised a compound rod 
by placing three or four rods together. This has the advantage of 
giving better definition to the line of light. It is the author’s 
experience, however, that few of the compound rods found on the 
market are strictly accurate. When a compound rod is purchased, 
it should be tested carefully at 6 meters before one eye and its posi- 
tion in relation to the light should be noted. It should then be 
reversed before the same eye to note whether the line occupies exactly 
the same place as in the first test. If the rod is perfectly made, the 
results should be the same. 

The author finds it difficult for the average patient to see the line 
at the first test. A red line is more easily picked up than a line of 
the same color as the light. A red rod, therefore, Ber found to 
be better, although a red line as a rule is not so O On as a yellow 
line. When a patient experiences difficulty 1 Rd ng the presence 
of the line, the operator can aid greatly by ely covering and 
uncovering the exposed eye or by slight ating the rod so as to 
cause the line of light to move. M tience must be exercised 
in some individuals in order to make test satisfactory. 

We are concerned at this time ge the technic and the principles 
of the tests. It is pertinent teyobserve, however, (1) that a careful 
muscle balance should alw taken as a routine in the examina- 
tion of each patient at visit when this is possible; (2) that 
a study of the muscle\aMance should not be made when the eyes 
are under the i a cycloplegic; (3) that a final study of the 
muscle balance shOwtd be made with the patients proposed correction 
on before thé | prescription is written for the patient’ s glasses. 
Unless th Cities are followed, the physician’s work in muscle 
der fall into error, and the true value of the careful con- 


sider? of a patient’s muscle balance will not be fully appreciated. 
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Tests for the Reading Distance.—One can more fully appreciate 
the discomfort and the symptoms which may follow considerable 
degrees of muscle imbalance laterally, and of even low degrees 
of displacement in the vertical, when it is recalled that 1 diopter 
of disturbance will mean a displacement of 1 cm. for each meter’s 
distance. At 6 meters 1 diopter of hyperphoria will mean a dis- 
placement of 6 cm.; 2 diopters will cause a displacement of 12 cm., 
etc. This must be overcome by the fusion faculty and the effort 
entailed must of necessity give rise to fatigue and a train of reflex 
nervous symptoms. At the working distance, however, even more 
careful codrdination is required and the attending symptoms are 
more far-reaching and disturbing. This is especially true of vertical 
disturbance. It becomes a necessary corollary of muscle balance 
studies at infinity, that the near-point study is equally important. 


orington muscle light. 


The Maddox Rod Ces for the Near-point.— We observed that the 
Maddox rod testar distance was most practical and satisfactory. 
It is equally t or the near-point. Thorington has contributed 
a muscle lig St to be used with the Maddox rod for the near-point, 
teat value and time-saving. A small dry-cell lamp is 


which NS f 
placed b&Cck of a pin-point opening in the center of a white flat 
ae of celluloid, upon which is marked a scale of 10 diopters to 


S? 
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each side of the light. The amount of displacement of the line 
from the Maddox rod is read off in diopters and obviates the necessity 
of using prisms to measure the degree of the heterophoria. It is 
fairly accurate when used at a distance of exactly 33 cm. (Fig. 58). 
If the Thorington muscle light is not available, the small light in a 
luminous ophthalmoscope may be used. The light is held exactly 
33 em. in front of the patient, and prisms may be placed in the trial 
frame, bases in or out, up or down, until the line passes through the 
light. 

Maddox Wing Test for the Near-point.—In the so-called wing test 
of Maddox, the scale for hyperphoria marked in red figures, and the 
white scale for lateral disturbance are seen by the left eye. The 
lower right-hand quadrant of the wing is only visible to the right 
eye. In this quadrant is placed a horizontal red line with an 
arrow head which points to the red scale. Without difficulty the 
patient can determine toward which figure in the red scale the arrow 
points. The reading of the right or left hyperphoria is direct and 
expressed in prism diopters on the scale. 

In the same quadrant (the lower right) the right eye sees a hand 
with the index finger pointing to a carefully defined white scale of 
figures. The figure to which the finger points is the measure of the 
esophoria or exophoria in pr ism diopters. 

This test to most people i is simple and the muscle balance in the 
horizontal and vertical is quickly determined. ol, however, 
find great difficulty in seeing the entire surface s} aneously, and 
in a number of instances, the author found naQa to abandon 
the test. On the whole, however, the win; is most satisfactory 
and is time-saving. It probably is mogé\getcurate in determining 
latent heterophoria than any other > the near-point. In the 
test, the eyes are completely disgşsðeidted, and the images before 
the two eyes are totally aeS R 

Cover Tests.— The cover te rnish a ready means of detecting 
the presence of heterophorj he objective cover test is applied as 
follows: With both x the patient is instructed to fix on 
a candle or muscle lig meters distant. One eye is now occluded 
by a convenient “J As the cover is rapidly shifted from one eye 
to the other & physician, he carefully notes whether the eyes 
remain fixed.69move under the test. If they do not move, the 
muscle HAG is probably normal, or the amount of heterophoria, 


if AN ĉ s of very slight degree. If the eye which is under cover 
ae ihe same direction as the cover is carried to the opposite 


x 1e condition is one of exophoria. While the eye is under 


+ 
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cover it moves out to the extent of the latent squint present and in 
order to fix, when it in turn is uncovered, it must of necessity move 
in. The eyes are, therefore, said to be “out under cover.” If the 
covered eye moves in a direction opposite to the movement of 
the cover, as the covered eye is now exposed, the condition is 
esophoria. In this instance, the eyes are said to be “in under 
cover.” 


Fie. 59.— Maddox wing test. 


When hyperphoria is present, the covered eye will niove up or 
down as the cover is shifted. If it moves up, the QI lower in 
position than the fellow eye, and if it moves down ey higher than 
the fellow eye. As the cover is reversed, the moyagrent of the fellow 
eye will be directly opposite. If the right ey r example, moves 
down as it is uncovered, the left eye will more up as it in turn is 
uncovered. The eye which is high i (cal &% the hyperphoric eye. 
In the example, the condition is rigk¢ hYperphoria. 


This cover test may also be ma subjective test which Duane 
calls “parallax test.” If the ọṣẹ, under cover wanders because of 
a latent deviation, as it bec the fixing eye, the patient will be 


conscious of a sudden n F of the image. The movement will 
be opposite to the p NY which the eye assumed under cover. 
In exophoria, the Cr hent will be in the direction in which the 
cover moves. In essphoria, the movement will be opposite to the 
cover. S 

In both orrective prisms may be applied to stop the objec- 
tive an NN: jective movement. While the parallax test is not used 
as ar N e examination, the objective test is quickly performed 


andy of great value in detecting the presence of hyperphoria. 
A 


A) 
wl 


118 HETEROPHORIA 


HYPERPHORIA. 


Definition.— By hyperphori ia is meant a tendency to a latent 
deviation of one visual axis above the plane of the other. It differs 
from hypertropia in that it is latent instead of manifest. In most 
instances it can be overcome by an effort on the part of the patient, 
but as a rule at the expense of symptoms to be described later. In 
hypertropia, the displaced image is so far beyond the reach of the 
fusion faculty, that no effort is made to correct the deviation, 
and because the false image is suppressed, no symptom of dis- 
comfort, other than the squint, becomes apparent. 

The terms right and left are employed to indicate which visual 
axis is the higher. It should be noted that the visual axis, and not 
the position of the image, is used to designate the character of the 
hyperphoria. The eye which is the higher is called the hyperphoric 
eye and not the one whose image is high. This thought should be 
borne in mind in the correction of hyperphoria by means of prisms. 
The correcting prism displaces the image toward its apex and is, 
therefore, placed base down before the hyperphoric eye, in order 
to raise the image to the level of the other. The terms right and 
left do not indicate whether the hyperphoric eye is too high or the 
hypophoric eye is too low. It simply indicates the eye which is the 


higher ~\ 

General Considerations.—In a study of specific Xf of hetero- 
phoria, it is important for the student to re oo just why any 
form of latent deviation, and particularly hiketphoria, should be 
so serious a factor in the developmen © uscular asthenopia. 
The chief source of trouble is found in egree of separation of 
the two images. At 6 meters a 1 di GY isplacement is equivalent 
to 6 cm. in tangential TE 2 diopters equals 12 cm., ete. 
In other words, a patient who 1 diopter of hyperphoria when 
the fusion faculty is held ir pevance, will show a separation of 
6 cm. between the two ag sat a distance of 6 meters. If he has 
4 diopters the separa 1e images will amount to 24 cm. In 
the lateral forms of OTE esophoria and exophoria, high 
degrees of ee) the images is not so important as in vertical 
displacements esophoria it is of considerable importance, but 
in hyper phos is paramount. 

Tw o, PO Should be recalled to fully appreciate this. First, 
in tl welopment of binocular vision, stress was laid upon the 
Ro of a good vertical balance of the eyes at the time of birth. 

ical balance is well established in the average normal new- 
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born. This, in itself, may not seem to be a fact of great importance. 
When, however, the second fact is considered, namely the low 
degrees of vertical deviations which can be overcome, as shown 
in infraduction and supraduction, the first fact gains in importance. 
The average supraduction is 3 prism diopters and the same is true 
of infraduction. Few individuals can overcome a separation in the 
vertical of more than 3 prism diopters. Beyond this an insuperable 
diplopia may be produced. 

Inability of the average patient to overcome any great vertical 
displacement of the images accounts for two well-known clinical 
observations: (1) Failure of prism training as a corrective measure 
in hyperphoria; (2) the great suffering of patients with even moder- 
ately low degrees of hyperphoria, and the great inconvenience of 
vertical diplopia in paralytic squint as compared with lateral 
deviations. Hyperphoria, therefore, is perhaps the most important 
form of heterophoria to be considered. Fortunately, the possibility 
of correction by means of prisms is one of its encouraging features. 

Frequency of Hyperphoria.—Statistics, as to the frequency of 
hyperphoria must be drawn largely from private case records 
because routine muscle studied are rarely made in hospitals. Hansell 
and Reber, in 700 consecutive case studies, found 20 per cent in 
which there was 0.5 degree or more of hyperphoria. In 3600 
cases, they found 7 per cent who had 1 degree or more. Carpenter 
reported 35 per cent; Posey, 13 per cent; Bannist Aa cent; 
Howe and Williams, 16 per cent. My own recor@yin a series of 
about 800 cases approximate those of Carpeyfery namely about 
33 per cent. If the test is made at the ne D t, as it should be, 
as well as at 6 meters, the percentage i on A factor which 
may influence infinite to an apprecia ont is the study of the 
muscle balance with the patient’s or opic correction worn. It 
is not unusual to see lateral, as G as vertical deviations, diap- 
pear with the wearing of a er correction. The relation of 
ametropia to muscle ees Me cuits intimate. The cause and 
effect relation of BANS ditions in certain cases, and the 
persistance of hyperp w% spite of the ametropic correction in 
another group or S kavint the assertion that no refraction is 
complete w KA eful muscle study for distance and the near- 
point. 

Etiology. PS study of the underlying factors, a point which 
needs sis, is the influence of age. Hansell and Reber found 
33 pere occurred in patients under thirty years of age, and 66 
perdnt in patients over thirty years. This is in accord with the 
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author’s experience. Muscle weakness or muscle over-action, 
abnormalities in attachments and insertions, and orbital changes, 
have all been assigned as causes. In youth a strong fusion faculty, 
and a superabundance of elasticity render perfect codrdination easy. 
Incoérdination is readily held in check. With maturity in years, 
latent tendencies become more manifest. In addition to this 
natural development of an existing but quiescent condition, adult 
life contributes its own factors. Muscle fatigue is more common in 
adult life than in youth. Occupational influence, long hours of 
sustained close work, the gradual changes in muscle structure inci- 
dent to age, from which the ocular muscles can not claim exemption, 
and the tension of modern methods of life are all factors which are 
contributed by advancing years. 

In addition to these causes, which can account for a large number 
of the constant variety of hyperphoria, namely those which do not 
show much variation from day to day, neurotic influences are 
often responsible for a type of heterophoria which shows great 
variation. It may be this influence which increases or aggravates 
a vertical deviation feebly present from early life, or by it, a vertical 
deviation may be brought into existence which is characterized by 
great variation in degree. The latter is a special form of imbalance 
which requires a form of treatment differing radically from the usual 
methods of treating heterophoria. a 

The relation of hyperphoria to lateral disturban (sdphori ia and 
exophoria, is interesting. As mentioned above 
of lateral imbalance and vertical disturbance 
taneously with the correction of any ex 
cases continue to show a residual dist 
laterally even after a proper aps OD worn. It is a common 
observation that lateral disturb often disappear after the 
correction of the hyperphoria by DÀ ns placed in the vertical. This 
is more frequently the rule tpn the opposite condition. In other 
words, lateral deviations a€emore frequently caused or seem to be 
caused by hyperphori f hyperphoria dependent upon lateral 
disturbance. Onec ignore the fact, however, that both forms 
of heterophoria imately bound together or associated in the 
urbance and that the correction of one is often 


ON erate degrees 
è S simul- 

è ametropia. Other 
ce in the vertical and 


l 


same es 
followed by N rection of the other. 
ets The symptom complex of muscular asthenopia, 
like ae ametropia, is varied. In fact so similar are these two 
sthenopia that it becomes difficult at times to differentiate 
reen them. In not a few cases, the symptoms are the result 
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of the combined action of both causes. If, however, the ametropia 
is corrected and asthenopic symptoms continue, the cause at once 
becomes clear. In a given number of cases, the relief of the ametro- 
pia by suitable glasses is followed by the entire relief of all symptoms. 
When this occurs, not a few oculists advise against the correction 
of the hyperphoria because the patient experiences no immediate 
symptoms which are regarded as of muscular origin. Many of 
these patients return, however, with their former symptoms, and 
the proper incorporation of prisms in the glasses to be worn, usually 
results in entire relief. 

Headache.—In the enumeration of symptoms of which the patient 
complains, headache leads in frequency. The pains are supra- 
orbital, temporal and even in the eyeballs themselves. Less fre- 
quently, they may be occipital and occasionally on the top of 
the head. They are aggravated by crowds, by riding in a train, 
a trolley, or an automobile and by watching games intently, such 
as baseball, especially when the patient becomes tense from great 
interest in the game. The moving picture screen is a commonly 
observed cause of this type of headache. They may also be 
described as “‘shopping headaches.” The term panoramic headache 
is a most suitable phrase to use in characterizing, from an etiological 
standpoint, the type of headache under discussion. While the 

‘‘nanoramic headache” is also observed in pure ametroriy, the term 
is best reserved for the muscular type, as seen in RA idria. The 
headache as a rule is increased by close work, ¢ Cpsaally gathers 
force as the day advances. A night’s rest O řelief. 

Drowsiness on Close Work.—Many ts are fortunately 
exempt from headaches, but suffer fro er forms of asthenopia. 
Drowsiness upon the slightest attemp ing close work is almost 
as frequently observed as headach Typerphoria is not the only 
muscular condition which can aunt for this symptom, as it is 
noted in any form of hetero @ya. It is also encountered in pure 


forms of refractive errors in uncorrected presbyopia. It is, 
nevertheless, a comm Qiy om in hyperphoria. 
Iid Disturbances. ronic hyperemia of the lids, marginal 


blepharitis, and Wepþārospasm are frequently observed in hyper- 
phoria as well asin other types of muscular asthenopia. A correc- 
tion of the hy oria is followed by prompt relief. 

Defect, nocular Vision.—During the testing for refractive 
error iiy of the patient to read as well or as correctly with 
HAN as with each eye separately, is an indication that hyper- 

_ of a considerable degree is present. If one recalls the fact 
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that an average patient can overcome but a moderate amount of 
displacement of the images vertically, and if one appreciates the 
fact that every degree of hyperphoria means a separation of the 
images 6 cm. at 6 meters, the reasons for defective binocular vision 
are easily understood. It is of greater annoyance to the patient 
than the defective vision due to refractive errors. In fact, the 
latter form of defective vision is rarely noted by the patient unless 
the defect is very great. Lowered vision from ametropia is so rarely 
accompanied by asthenopia, that it often is the cause for the failure 
of many patients to consult an oculist when they are urgently in 
need of his services. The annoying blur from hyperphoria, on 
the other hand, is often the cause of the patient’s return to the oculist 
with the complaint that his “glasses are not satisfactory.” 

Facial Expression.—Among the symptoms thus far described, 
panoramic headache and defective vision of the peculiar variety 
just discussed may be called characteristic of hyperphoria. Little 
attention has been given to the changed expression in the face of a 
patient suffering from hyperphoria, although it is of common 
occurrence. The arched or furrowed brow is not characteristic of a 
vertical muscular disturbance, but it, together with drawn features, 
are sufficient to indicate that such a patient is suffering from some 
form of discomfort. 

Head Carriage.—More characteristic is the ate ey for the 
patient to pose as it were with the head tipped Ca ht or left 
shoulder. “Shoulder tipping” is observed in m palsies along 
with turning of the face up or down, right or g careful study 
of a series of patients accustomed to tip t to either shoulder, 
reveals the fact that most of them are vi of uncorrected hyper- 
phoria. The head is tipped, as a A he shoulder on the side 
of the hyperphoric eye. It isam cal effort on the part of the 
patient to bring the images of wo eyes to a common level. 
It differs from true vicarious g ions of the head found in muscle 
palsies, although occasional s found in this latter condition with 
vicarious rotations. RS ore detailed differentiation between 


the two conditions, t der is referred to the Section on Organic 
Palsies or Paraly#fc int.) 


Diagnosis.— In the’diagnosis of hyperphoria, we are concerned not 
only with its* etion, but also with an accurate estimation of the 


amount or ee of the separation of the images. While one may, 
therefox ploy one of the several methods at our disposal for its 
detecno > the measurements should be made by methods which are 


D z be accurate. 
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Objective Cover Test.—'The cover test, objectively applied, furnishes 
a fairly accurate means for its detection. The patient is asked to 
look at a small object, preferably a small light at 6 meters distance, 
while the cover is passed from one eye to the other. If there is an 
appreciable amount of hyperphoria present, the eye under cover will 
be observed to move upward or downward as the case may be. The 
eye which moves downward, as the cover is passed to the fellow 
eye, is the hyperphoric eye. The eye which moves upward as it is 
uncovered, is the low eye or hypophoric eye. Thus, if the right 
eye is under cover, it will move up or down as the cover is suddenly 
passed to the left eye, if hyperphoria is present. A downward 
movement will indicate the presence of right hyperphoria; if it 
moves upward, the condition is one of left hyperphoria. 

The test may be made most accurate for the detection of even 
low degrees of hyperphoria, if the light from a luminous ophthal- 
moscope be thrown upon the cornea and note is made of the position 
of the corneal reflex with reference to the pupillary border. 

Parallax Test of Duane, or the Subjective Cover Test.—The value 
of the test just given may be supplemented by Duane’s parallax 
test. When the cover is suddenly passed from one eye to the other, 
if hyperphoria is present, the patient will observe that the luminous 
point upon which he fixes will tend to move up or down. The 
movement will be opposite to the position of the eye, as it\s covered. 
For example, if the right eye under cover deviates fyvard in the 
position of right hyperphoria, the luminous poin a) move down- 
ward as the cover is passed to the left eye. Dea calls the condi- 
tion “right parallax.” If the eye is low as KO) hyperphoria, the 
movement will be upward as the cover ree to the left eye, 
“left parallax.” 

The prism placed base down S e hyperphoric eye, which 
will abolish the objective and O ive movements in these two 
tests is the measure of the hygprphoria. While these tests are of 
great value, in the dieting yy perporin and rapidly executed, 
the measuring of the deviation, by the placing of prisms 
to overcome the mov, ts, is rarely practised because of more 
rapid methods at ur gifSposal. 

Prism Test of von Graefe.—In this test, an artificial lateral 


diplopia is creg y placing a prism of 8, or if necessary 10 diopters, 
RS t 


base in be ne eye. If hyperphoria is present, the two images 
will BANS he same level. The low image belongs to the hyper- 


HAN A prism placed base down before the eye of low image, 
ny iL raise it to the level of the other image, will be the measure 
hyperphoria, 
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This test has been somewhat simplified on all phorometers, by a 
device popularized by Stevens. In this device, illustrated in Fig. 53, 
two prisms, each of 5 diopter strength, are so arranged that 
they can be rotated into a vertical or horizontal position. Lateral 
displacement is obtained by an 8 diopter prism placed base in 
before one eye. By proper rotation, the hyperphoria is corrected 
and the degree of the hyperphoria is read off from the scale on the 
front of the device. Other rotary prisms have been employed from 
time to time in a similar manner, but the Stevens phorometer is 
probably the best type now in use. 

Maddox has very correctly called attention to the fact that in 
any test devised for the detection of hyperphoria by means of 
prisms, the desire for fusion is not wholly removed, but the power to 
fuse is taken away. If, therefore, the images are not sufficiently 
separated, there may be some error in the estimation of the degree 
of hyperphoria. If the separation of the images is sufficient to 
remove all desire for fusion, the test is fairly accurate. 

Although the tests just described have fallen more or less into 
disuse because of the ease with which the next test to be described 
is practised, the student will profit by practising them. They 
tend to cultivate the habit of accurate observation and familiarize 
one with the effect and the technic of prism use. They also help 
greatly in assisting the student to visualize the corey’ measures 
necessary to overcome latent forms of deviation. 

Maddox Rod Test.—This test, described in ormer section, 
is probably used more than any other. If ae is true, it is quite 
accurate for routine work. Each rod sl e Saib out by the 
physician before it is placed in his oS: for use, by making 
careful observations on his own eyes. d is placed horizontally 
and its position with reference 1A Or should be observed. It 
should then be rotated 180 en n ae trial frame, and the line 
should again be noted. If tġp, result is exactly the same in each 
test, it may be regarded cs ate. 

The double Madd or óf red glass is probably the best for 
general use. Many epee experience difficulty in recognizing the 
line, and the cit ad rod renders the line more pronounced. 
The rod may be ed before either eye, but a routine habit of 


placing the rgf#égularly before the right or the left, as the physician 


may elec | avoid mistakes and will require less concentration 
on KY during the examination. It is the author’s habit to 
plac rod before the left eye unless the vision in the left eye is 
coubiderably lowered. In the event of lowered central vision, it 
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is best to place the rod before the eye of greatest visual acuity. 
When placed before the left eye, if the patient sees the rod above 
the light, it is right hyperphoria; if the line is below the light, the 
condition is left hyperphoria. The prism placed base down before 
the hyperphoric eye which will cause the line to pass through. the 
light, is the measure of the hyperphoria. 

The same test is one of the best for measuring hyperphoria at the 
near-point. A small electric light, such as is found in a luminous 
ophthalmoscope, is held in front of the patient at a distance of 
33 cm. or 13 inches, and the examination is made as it was for 
distance. For the application of this test at 6 meters or at 33 cm., 
the Stevens phorometer is satisfactory and time-saving. The 
Maddox rod is rapidly moved into position, and as the double 
prism arrangement in front of the Maddox rod quickly raises or 
lowers the rod, the exact measurement of the hyperphoria is read 
from the scale which appears on the face of the frame which holds | 
the prisms in place. | 

Instead of using a small electric light, the Thorington muscle 
‘test may be substituted. This consists of a pin-point of light, which 
appears in the center of a carefully marked scale, each mark on the 
scale representing 1 degree of displacement up to 10. If the light 
is held accurately at a distance of 33 cm., the scale is fairly accurate 

and considerable time is saved in making the test. 

| For the measurement of vertical disturbance at a: r-point, 
the Maddox wing test is to be recommended. a instrument 
is so constructed that the left eye sees the y, al scale in red | 
figures, and the horizontal scale in white The right eye | 
observes the red pointer, corresponding ne Maddox rod, for 
hyperphoria and the white pointer A, teral balance or imbal- 
ance. In testing hyperphoria, the fati@rft notes carefully to which 
figure in the vertical red scale the €@yNine points (or through which 
figure the red line passes), the føre indicating the degrees in prism 
diopters of the right or left phoria as the case may be. For 
the taking of the muse e at the near-point this wing test, 
rapid in execution anc NG for the patient, is quite as accurate as 
any test which nie r has employed. Although the multipli- 
cation of instrumers is not always desirable, the busy man will 
find its purcha’ orth while. 

Many ot sts of merit have been in use, such as the Prentice 
cross, CARa ter’s dot test, and a host of others, but in each instance 
the sa So objection applies, namely the purchase of another 
insty\ment. If a test does not add materially in shortening the 
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time required in the examination of a patient, or in furnishing 
more accurate results than the practical tests now in use, it cannot 
be regarded as an essential to one’s equipment. 

Prolonged Occlusion of One Eye.—When no great amount of 
hyperphoria becomes manifest by the methods advised and asthen- 
opic symptoms continue, or in those cases in which the amount 
of hyperphoria varies at different examinations, the occlusion test 
should be practised. This test consists in the occlusion of one eye 
for variable periods by means of a bandage, and measurements for 
heterophoria are made after the bandage is removed. To be of 
real value, the occlusion should be practised over a period of days 
and not hours, as is the usual custom. When the bandage is kept 
in place sufficiently long, the occluded eye is apt to fall into its 
natural position of physiological rest. As full conscious effort 
to obtain binocular vision does not restore the two eyes to a normal 
level immediately after uncovering the occluded eye, a considerable 
degree of hyperphoria may be uncovered. These results are not 
obtainable after occlusion of but one or two hours. The test should 
be carried over several days. The hyperphoria thus uncovered 
should furnish a basis for rational treatment. It becomes evident 
that although the patient has a corrective power to overcome, per- 
haps even high degrees of vertical displacement in exceptional 
instances, such correction can only be brought abot by great 
effort, which accounts for the asthenopia. < 

In the rare cases in which considerable dezre@ d hyperphoria 
do not seem to be uncovered by the usual ato prolonged occlu- 
sion discloses the fact, it is probable that ¢ nstant effort of the 
patient to maintain a common level of geitinges becomes more 
or less automatic in spite of the dis ty of the images created 
by the Maddox rod. The corréeti¥e’ measure becomes a sub- 
conscious one. Prolonged cng for the time being, breaks in 
on the habit, and the true any of hyperphoria is therefore made 
manifest. 


This same cmeting GO is occasionally found after prism 


training in exophoria 
Trestment.— THE fekiment of hyperphoria as in all forms of 
heterophoria is, éSs€ntially individual. Aside from the careful 


correction offOrefractive error, no fixed rules can be laid down as 
applicable Nery case. Ina general way, however, one can point 
out c Nider ine principles, which if carefully followed, will 
lead NÑ is 


factory results in a majority of instances. 


S refractive errors are in themselves a source of asthenopic 
A 
. X% 
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symptoms, independent of, or associated with muscular asthenopia, 
it is important that these errors should be carefully corrected, 
under proper cycloplegia when possible. A careful muscle balance 
should be taken with the correction on. If hyperphoria of a 
moderate degree, 1 diopter or under, is found, the patient should 
wear his correction and be asked to return in about two weeks for 
further treatment or observation. One prism diopter of hyper- 
phoria can be overcome by the average patient without any incon- 
venience. Occasionally, however, even 1 diopter may cause symp- 
toms which can be relieved by a correcting prism. 

Correcting Prisms in Glasses.—The logical step in the way of 
relieving asthenopic symptoms due to hyperphoria, if the proper 
correction of the ametropia has not brought relief, is the prescribing 
of corrective prisms to be worn constantly with the ametropic 
correction. To the thoughful student, several questions naturally 
arise. How low an error should be corrected by prisms? How 
high an error can be corrected by the same method? How much 
of the hyperphoria should be corrected? How should prisms be 
placed in the frames for constant use, and we might add a final 
question, does the wearing of prisms in the vertical increase the 
hyperphoria? 

The last question has been asked so frequently that it should 
receive consideration first. The wearing of prisms N correc- 
tion of hyperphoria does not increase the trouble. Af Ah ring the 
pros and cons on this subject, one can hardly reip from being 
more or less dogmatic. It is true that a patie whom we may 
uncover 2 diopters of hyperphoria today, may nin three months 
after wearing a correcting prism, with 1 a 2 diopters more. 
The author recalls a number of peio) this type, but one in 
particular, in whom additions had &o made during the course 
of a year until 5.5 prism diopters © incorporated in her glasses. 
And not until this total SOA 1yperphoria was uncovered and 
corrected did the patient oy relief. The question naturally 
arises, did the prescribi Gy e prisms increase the hyperphoria, 
or was the hyperphori ent and if so, why was it not uncovered 
at first? The hyp@fpheria was latent in this case, as it is in many 
other cases. io o uncover the total amount at the first or 
at succeeding * inations was due to an unusual faculty on 
the part of €phtient to hold her hyperphoria in check, a faculty 
which of A Bity became a habit with her As prisms were added 
to her‘wOxfection, the necessity for her constant effort to hold the 
hypg%phoria in check, became less, and her latent hyperphoria 
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gradually became manifest and was corrected, with entire and per- 
manent relief of her asthenopia. It should be added that each 
addition to her prismatic correction gave temporary relief but after 
a time the symptoms returned. 

It occasionally happens that a patient will pene in a year or 
two after wearing prisms for the correction of hyperphoria. No 
appreciable amount of hyperphoria can now be uncovered and it 
becomes necessary to remove the prisms. This may lead to the 
belief that the original measurement of the hyperphoria was in 
error or that the wearing of the prisms corrected the existing vertical 
imbalance. It is probable, however, that neither of these explana- 
tions is correct. The error, if any, was probably one of judgment 
in the first place in prescribing a prism in the vertical before the 
refractive correction was worn sufficiently long to determine whether 
this correction alone might bring about a perfect balance in the 
vertical. As was pointed out earlier in the discussion of hetero- 
phoria, the correction of a refractive error may lead in certain 
instances to a return to normal muscle balance. It is a rule well 
worth following, to withhold prisms in the vertical, in low degrees 
of hyperphoria, until the ametropic correction has been worn for 
several months. If hyperphoria continues and the patient has 
manifest symptoms of the same, the time has arrived for the pre- 
scribing of prisms. 

How low an error shall be corrected by ci re is some 
difference in opinion on this point, as there is & day on the 
question of the maximum amount of amet gt o Be corrected. 
The answer depends largely upon the pati nd the symptoms 
of which he complains. The average ipdNOtual will rarely suffer 
an appreciable inconvenience from 1 7 of hyperphoria. Occa- 
sionally, however, a patient wi k vertical duction power 
becomes conscious of the effect ven 1 diopter and is at once 
relieved when a correcting pasmis prescribed. It is difficult to 
draw a sharp dividing line e question becomes one of individu- 
ality. It is the authey’ ‘tice to regard a hyperphoria of 1.5 
diopters as of sfcie portance to correct even at the time of 


prescribing gem 
How high an erref can be corrected by prisms placed vertically? 
It is rarely éxf@lient to incorporate more than 10 diopters in the 
two lenses © yefore each eye. When the vertical error exceeds 
this a to an appreciable extent, it is better to consider opera- 
We for the correction of the same. 
ow Aen. of the hyperphoria should be corrected by prisms is 
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an interesting question. It is generally thought that two-thirds of 
the amount should be corrected. It is a “rule of thumb” which does 
not always work to the patient’s comfort. If the patient has not 
previously worn glasses, it is not unwise to correct two-thirds of 
the hyperphoria. If, on the other hand, the patient has worn 
glasses even approximately correct, it is the author’s experience 
that a nearly full hyperphoric correction is gratefully accepted. 
For example, a patient showing 4 diopters of hyperphoria, will 
accept 3.5 for constant use in prismatic correction. 

It rarely happens that the same degree of hyperphoria is found at 
6 meters and at the near-point. Two and a half for distance and 
a corresponding 2 for the near-point or vice versa is not unusual. 
If repeated examinations have shown this relative proportion to be 
correct, it is best to prescribe the full minimum for constant use. 
Occasionally one finds a considerable difference in the degree of 
hyperphoria at 6 meters and at 33 cm. When the greater degree 
obtains at the near-point, and the patient is employed at close work 
throughout the day, it may even become necessary to prescribe two 
pair of glasses with the proper prismatic correction in each pair of 
glasses. If bifocals are worn and the near-point hyperphoria is 
much in excess required for distance, a “hook front” containing the 
additional prism correction for the near-point may be prescribed 
for prolonged close work. ~\ 

How shall prisms be placed in glasses for consi ıse? A 
prism of 1 diopter or less should be placed base Rn before the 
hyperphoric eye. When higher degrees are ne@éWed, the amount 
should be divided between the two eyes, oneg e amount placed 
base down before the hyperphoric eye, A) other half base up 
before the hypophoric eye. It would ey that this method of 
placing prism in frames would Posa d emphasis. Experience, 
however, is to the contrary. The ł ~phoric eye is higher than its 
fellow and its image is lower. Q: prism should be so placed that 
the low image is raised, he Sase down. The hypophoric eye 
NG: age is higher. The prism is placed 


r its image. 


is lower than its fellow a 
base upward in order t 

The division of sms equally between the two eyes is not 
always necessary, e can be guided by the relative sphero- 
cylindrical corf n and the greater amount of prismatic correc- 
tion may be d in the weaker lens in order to balance the weight 
of the twaNetises. As we are dealing in low-diopter strengths of 
prisms} color aberation and distortion effects of prisms of high 


RES need not be considered. 
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Prism Training in Hyperphoria.—This method of treating a 
tendency to vertical deviation has proven to be unsatisfactory. 
The same may be said of the role of the stereoscope in hyperphoria. 
It is a significant fact, that the vertical imbalance is present early 
in life, although permanent symptoms of the same may not appear 
until the age of maturity. Furthermore, throughout life there is 
little variation in the vertical duction power of the eyes. Supra- 
duction and infraduction are rather definite in the same individual. 
On an average, there is no great variation in different individuals. 
But rarely does one find a supraduction or an infraduction power of 
more than 3 diopters. On these grounds alone, theoretically one 
would not hope for much from the standpoint of training. In 
practical experience little is accomplished. The use of the stereo- 
scope probably accomplishes some good in temporarily relieving 
symptoms, but in the author’s experience even the stereoscope fails 
to furnish permanent relief. 

Medical Treatment.—Medical treatment is of little avail in a 
well-established case of hyperphoria. In persons of a neurotic 
temperament, or in persons leading a tense life, the asthenopia may 
be periodic in character. In such individuals relief may be obtained 
during the periods of exacerbation by paying attention to general 
health measures. Sedatives may bring temporary relief in the over- 
active, or tonics may be indicated in the undernoyrished. One 
should not overlook the influence of the use N coffee, and 
tobacco. While tea and coffee and the use of co do not have 
any direct bearing upon the p Ps Q of the phorias in 


many individuals, they are capable of S or even of pre- 
a 


cipitating symptoms of asthenopia. Oi from symptoms 
when tea and coffee, or even NA ve been withdrawn, has 
led the author to make careful { Sh as to habits in all marked 
cases of heterophoria. Occupy qen influences may also be 
checked by rest. All thes O however, are only palliative 
and should be followed O ffecea by rational methods which will 
bring permanent reli 
Operative Treatm 


Q a majority of instances, proper correc- 

tion of refracti rs and the prescribing of prisms in correcting 

glasses for any resfdual hyperphoria, are so satisfactory that opera- | 
tive interfé » need only be considered in high degrees. When 

surgery mes necessary, the type of operation and the muscle 

or måse}% which are to be operated on should receive careful con- 

sic SS: 

Vs a rule complete tenotomies should not be practised. The 
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danger of marked over-correction or of the creation of a paralytic 
squint is always present. A case in point will illustrate this danger. 
For some years past, the author has had under his care a patient who 
had 10 diopters of left hyperphoria, for which the surgeon in charge 
performed a tenotomy of the left superior rectus. The result was 
the conversion of 10 diopters of left hyperphoria into a 10 diopter 
right hyperphoria with weak rotational power of the left eye upward. 
In the same patient, an exophoria was converted into a paralytic 
squint of the left external rectus by a tenotomy of this muscle. 
The effect of these tenotomies upon the general health and the 
mental upset of this patient for seventeen years subsequently 
would be sufficient to convince any surgeon that this type of opera- 
tion should be replaced by a more rational method. It fell to the 
author’s lot to reattach the external rectus with fair restoration 
of lateral balance and recovery of the patient’s health. The right 
hyperphoria was relieved in part by correcting prisms. 

Modified or partial tenotomies accomplish little in lengthening 
a tendon and in addition to inefficiency, there is danger of producing 
torsional effects which are equally serious. 

In the author’s judgment operative correction of hyperphoria 
should be limited to modified advancement or tucking of the 
opposing muscle or the setting back of the over-acting tendon. In 
the latter operation, great care should be observed « the exact 
placing. of the tendon with a due regard for the line previous 
attachment in order to prevent subsequent torsion non Opera- 
tions on the vertical muscles are more difficul O n on the lateral 
recti, and general anesthesia will aid the r in carrying out 
minute details better than when perform ider local anesthesia. 
When set back, the tendon should be “ached to the sclera and 
firmly anchored. Conjunctiva a ile should be disturbed as 
little as possible. If the oper ation (Sy) ‘operly performed, the results 


are satisfactory. 

Either a modified adv ee of the inferior rectus of the hyper- 
phoric eye, or of the AN ectus of the hypophoric eye, if the 
upward rotation of oe e is shown to be weak, is equally satis- 
factory chet the inferior rectus have an additional 
| advantage in the that the muscle is more accessible. In the 

type of adv oO nt referred to a small incision is made in the 
| conjunc tiv Oh. from and parallel to the cornea. The tendon 
i$ exp d the central three-fifths of the tendon is freed from 
its A N Nent This central portion is grasped by fine-tooth 
forceps, tac incisions are made on either side for a distance of 
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4mm. A No. 1 twisted double-armed suture is introduced by a 
whip stitch into its outer and inner thirds, from without in. The 
needles are now introduced into the episcleral tissue, brought out 
through the conjunctiva near the limbus and the sutures are tied. 
The conjunctival wound is brought together by a continuous suture. 
Both eyes are closed for four or five days as in the Worth operation. 
The operation has points of similarity to the operation of Stevens 
which he called “tendon contraction operation.” It differs mater- 
ially from this operation in that the tendon is advanced and firmly 
anchored to the sclera, instead of to the conjunctival tissue as 
practised by Stevens. 

The points of advantage are: (1) It counteracts the over-acting 
superior rectus by giving the inferior rectus better purchase. (2) 
The inferior rectus is more accessible and furnishes a better opera- 
tive field than the superior muscle. (3) The sclera is thicker toward 
the limbus than it is just posterior to the muscle attachment, and 
better anchorage is thus obtained. (4) If through faulty technic, 
the advanced part of the tendon should not hold, the intact outer 
and inner fifth, will not admit of much if any recession, and failure 
cannot bring about a worse condition than existed previous to the 
operation. Any residual hyperphoria, left after the advancement 
operation, usually falls within the range of correcting prisms. 

The cinch operation, as now practised by Roderic O’Connor of 
San Francisco, Cal., as a means of shortening a < opposing 
muscle, should receive consideration, because of t racy of the 
amount of shortening which can be obtained by method. The 
degree of shortening can be estimated withYalr accuracy by the 
number of strands of the dermal sutures 1 are employed. 

Tucking of the inferior or superiop Q s is more difficult than 


that of the external rectus. igh & o are partial to tucking, 


however, will find this method of sKō&rtening a satisfactory procedure 
in hyperphoria, if a shor “R veak muscle is indicated. 
Before operating, the up and downward rotations of both 

eyes should be taken. e defect in rotations is found, the 
operation should be NN d to the strengthening of the muscle 
of weak rotation. A defect in rotations is found; the operation 
should be oE) the downward pull of the hyperphoric eye. 

NG 

O ESOPHORIA. 


Es NMa is a tendency for the eyes to deviate inward. As in 
~ s of heterophoria, the deviation is held incheckin the interest 
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of single binocular vision. The constant effort required to over- 
come the converging tendency, and in part the confusion which must 
necessarily follow a failure of the two images to promptly fuse, are 
responsible for the symptoms which arise in this condition. 

Etiology.—An analysis of large numbers of cases of esophoria 
leads to interesting deductions as to the underlying factors. In 
studying large groups, one is struck with the relative infrequency of 
esophoria of high degrees, as compared with exophoria. An eso- 
phoria of 1 or 2 diopters is found in a large number of cases when the 
muscle balance is taken at 6 meters. In fact, in routine muscle 
studies, a small degree of esophoria is the rule, and one might say 
normal. It is only in those cases in which an increased amount 
of convergence is noted for the near-point, or a high degree of 
esophoria is present at infinity, that the condition becomes serious 
and gives rise to symptoms. 

The refractive error present is a conspicuous factor. Hyper- 
metropia with hyperopic astigmatism is observed in a large number 
of cases. This leads one to regard the accommodative group of 
esophoria as dominant. Attention has been called to the intimate 
relation between the diopter of accommodation and the meter angle 
of convergence. The importance attached to the rule of pre- 
scribing as full a hyperopie correction as the patient will tolerate, 
and the stress laid upon accommodation and convergengarepression 
also emphasize the fact that the refractive error i: © portant 
etiological factor. Not all patients, however, wl N victims of 
esophoria are hyperopic. Some have low dem myopic astig- 
matism, and others have considerable de €8) myopia. Other 
causes, therefore, are responsible. XS 

In contrast to exophoria, esophoria in the strong or sthenic 
type. It is a condition of ERE specially over-action in a 
highly neurotic type of individu n fact, if one were asked to 
name the second great factorin esophoria, the answer would 
unhesitatingly be a “highly g” nervous system. In esophoria 
of high degree, with mang x symptoms, whatever other factors 
may contribute to the ition are over-masked by an outstanding 
unstable nervous s These are the difficult cases to manage, 
not only because nervous system is lacking in balance, but 
because this wo condition does not bespeak a whole-hearted 
coöperatior ne patient, which is most important in treating this 
AS ype of heterophoria. Again an inherited instability 
is usual Whipped into greater excitability by the use of tea, coffee 
and tobacco. The author has repeatedly been able to convert an 
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aggravated form of esophoria into one of moderate degree by simply 
cutting off a vicious habit of using tea, coffee or tobacco in this type 
of patient. In the same catagory as excitants should be mentioned 
the improper functioning of the ductless glands. An esophoria of 
14 to 18 diopters, without any stability, which occurred in a young 
woman, aged twenty-five years, after a double odphorectomy, 
was restored to normal balance and so maintained by glandular 
therapy and the use of the stereoscope. The factors just mentioned 
would probably not be operative in individuals of good nervous 
balance, but act as exciting factors in those who may be said to be 
of neurotic temperament. 

In the same type of case, occupational influences are especially 
noticeable. The high tension methods of modern business, the 
handling of large numbers of men, or the responsibility involved in 
directing industries on a large scale, to say nothing of the minor 
vexations and difficulties encountered by those in less responsible 
positions, all tend to create a nervous imbalance in most individuals 
unless they happen to be of a phlegmatic temperament. This 
nervous upset is apt to become manifest in the production of 
esophoria which is difficult to manage because the average business 
man, embarked on an industrial program of the type to which refer- 
ence has been made, cannot see his way clear to change his habits 
without relinquishing his hold on his business. 

Over-action on the part of some of the ocular mug¢k& should be 
considered. This has been assigned as a cause ophoria. It 
is probable that overly strong internal or abnor r weak external 
rotators, may be the underlying factors in a ajafed number of cases. 
It should be remembered, however, that wih ew exceptions, exces- 
sive convergence or deficient diverg e innervational. Many 
of the so-called sthenic cases of ap over-action of convergence 
are simply the result of ee pies ration with inability to hold 
convergence within limited Ken ¢ When this condition remains 
over-active for long r e convergence tendency becomes 
fixed or even intensifigc S rer role over-acting interni may 

Va er-development should be regarded as 
the result of inner; ae not primarily an intrinsic over-strength 
of these muscles. O 

In the congor eration of esophoria and exophoria, the student 
should bear@y mind that although the interni are the leaders in 
conver A Or the externi play the same dominant role in diver- 
genc WS s the combined action of synergists and antagonists, 

te influence of innervations and the governing action of the 
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fusion faculty, that brings about the results. It is not the action 
of individual muscles. This statement is entirely consistent with 
the surgical treatment of the condition, even though surgical treat- 
ment is applied to single muscles. This will be restated in the 
surgical treatment of these conditions. 

The cause of esophoria, in a given case, is, as a rule, to be found 
in one or more of three groups of factors. They are: (1) Muscular; 
(2) accommodative; (3) innervational. The first group are rarely 
operative, excepting in a secondary way. Muscular anomalies, 
such as over- or under-development, or faulty attachments, are the 
exceptions, and therefore rarely operative. Apparent over-action 
or under-action as a rule are the result of excessive innervation 
and a faulty fusion faculty. One cannot, however, lose sight of the 
fact that there may be an inherent defective relation between the 
internal and external rotators, and because of this disturbed bal- 
ance, the convergence innervation may be in excess, resulting in 
esophoria, or it may be deficient and exophoria may develop. A 
careful study of prism abduction and adduction will determine the 
relative ratio. As previously pointed out, they should be in propor- 
tion of 1 of abduction to 3 of adduction. Both may be defective, 
or both may be excessive, but as a rule if the relative strength of 
1 to 3 is approximately maintained, lateral disturbance is not of 
great consequence, and any existing esophoria cannot be attributed 
to muscle- defect. On the other hand, marked isoprene of the 
1 to 3 ratio, found in rather high degrees of PeT ay or may 
not be due in part to excessive muscular action. 

The accommodative element is easily deternfiotd. It is active 
to some extent in practically all cases of e ria, whether high 
or low, when a considerable amount \eropia is present and 


uncorrected. 

The group included in the term Reervational” usually includes 
a majority of cases in which theaéccommodative factor is not 
sufficient to account for the oria. It is difficult at times to 
determine how much of co nce excess is due to this element 
and how much should ributed to a lack of balance in the 
duction strength exi ing tween the external and internal rotators. 
However, in the Pane of these cases, it is safe to assume that 
the difficulty is oi innervational and not muscular. At all 
events, in th or’s experience, the treatment which has been 


found to b st effective in this type of case, namely stereoscopic 
CaN s to correct and stabilize faulty innervation and pure 
a 


A imbalance as well. 
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' Symptoms.— The symptoms of esophoria are local and general, 
or ocular and reflex. The conjunctiva becomes red and the lid 
margins show congestion even to the extent of marked blepharitis 
marginalis with thickening of the lids, and the formation of scales 
on the lid margins, pustules, and the falling out of lashes. In 
the milder cases, any effort at near work may cause a burning or 
smarting of the conjunctiva, with epiphora. Repeated or prolonged 
congestion may result in occlusion of the puncta. These local con- 
ditions are not peculiar to esophoria, but are evidence of eye strain 
such as may result from other forms of muscle imbalance and to the 
strain incident to refractive errors. 

Associated with this local evidence of asthenopia, and even of 
more serious consequence, are the general or reflex symptoms. 
Attempts at reading cause the print to run together, and the patient 
becomes drowsy. Headaches, supra-orbital and temporal, of the 
panoramic type are frequently experienced in crowds, in railway 
carriages, and in automobile riding, in attending moving pictures, 
or on shopping expeditions, as well as after using the eyes in close 
work. Instead of headache, or associated with headache, there may 
be marked gastric disturbance even to the extent of vomiting and 
the loss of weight. The cause of these reflex symptoms is found 
largely in the effort required to hold in check the blurring of images, 
by the tension of the opposing or antagonistic group of muscles. So 
long as the condition remains as an esophoria, dina is held in 
abeyance, and the images are fused by great effort XY , $ the effort, 

bs about varied 
ser able to fuse, the 
from the symptoms 


therefore, which wears on the individual and 
reflex phenomena. When the patient is no Id 
tendency becomes a manifest squint with 
just described. 


In studying aggravated forms oPhoria, with marked dis- 
turbance of the nervous system oecomes difficult at times to 


determine whether the EAR the result of a badly upset 
nervous system, or the nerv disturbance has been caused by the 
esophoria. Either is poss It is the author’s experience, how- 
ever, that the esophox usually caused by the general nervous 
irritability of the , and that an improvement is noticeable 
in the ocular muse i alance when sedative measures are employed 
to stabilize fl 
aggravated es 
nervous 


general nervous system. At the same time, an 
horia may act as a reflex cause in unbalancing the 


t.—The presence and degree of esophoria is determined, 


Tr NS 
en >more of the methods described, at infinity and at the near- 
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point. Abduction and adduction are carefully measured, and the 
convergence near-point is accurately estimated as a routine pre- 
liminary study in every case of esophoria. With this data clearly 
in mind, the surgeon proceeds in a logical manner to overcome the 
trouble in the following order. 

Refraction —Inasmuch as the relation of the diopter of accommo- 
dation to the meter angle of convergence is of the greatest import- 
ance, the first logical step in the treatment of esophoria is to measure 
the total refractive error under a suitable cycloplegic. The selec- 
tion of the cycloplegic is of much importance. If the patient is 
known to be a myope, homatropine, when properly employed, may 
be sufficient to uncover all latent errors. In the hypermetrope, 
with an especially active ciliary muscle, it is the author’s experience 
that homatropine is unsatisfactory. In children, a 1 per cent atro- 
pine sulphate solution should be employed, and the examinations 
should be repeated until the surgeon is satisfied that the total astig- 
matic and spheric error has been properly measured. In adults up 
to the age of forty-five years, a solution of scopolamine hydrobromate 
ł per cent, to which is added 3 per cent of cocaine hydrochlorate, 
is most satisfactory. Three instillations at intervals of fifteen 
minutes are usually sufficient to insure complete cycloplegic action 
in one hour after the first instillation. This same process should be 
repeated on the second day and a second examination by retinoscope 
and trial case should confirm or correct the error fou 
examination. An objection raised by some agai scOpolamine 
is the danger of toxic symptoms. In the autho 
objection is without foundation if the instilla 
office and by one who is qualified. If th 


compress the puncta for a few mom lone r each instillation, no 


poisonous symptoms will appear. ‘Th recaution which should 
be followed in the use of atropine agWwell. If the patient complains 
of dryness of the throat or of slightNUZziness, a small dose of aromatic 
spirits of ammonia affords al instant relief. 

Having obtained the to nt refractive error, after the effects 
of the cycloplegic have NY off, the surgeon is in a position to pre- 
scribe glasses. I Nero, the fullest correction which 
the patient will tolerafe by the fogging method, should be prescribed 
for constant BAe) In adults, it is always unwise to prescribe a full 
correction = he eyes are under the influence of the cycloplegic, 
and it a unwise and unscientific to cut a cycloplegic correc- 


tion AN le of thumb.” It may be possible to force children into 
the hað? of wearing a full correction, but the same rule cannot be 
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applied in every instance in adult life. If the post-cycloplegic test 
is made by the fogging method, after the full error is uncovered 
under a cycloplegic, so as to insure complete correction of the astig- 
matism and perfect balance of the spheric error, 0.25 to 0.50 diopter 
| more of the remaining spheric error can usually be added for binoc- 
| ular use. In fact, if the spheres are added 0.25 diopter at a time 
before both eyes, the patient can be gradually trained to tolerate a 
| moderately full correction. This method also insures that it will be 
l worn. On the other hand, if the full correction is prescribed under 
| the cycloplegic, without a knowledge of the patient’s tolerance, the | 
| chances are, the patient will not wear his correction, and the sur- 

geon will be defeated in the most important step in the correction 

of the asthenopia. It should be remembered that for every spheric | 
| diopter worn, there should be a correction of 1 meter angle of | 

convergence. Therefore, the fullest correction which the patient 

will tolerate and wear should be prescribed. In myopia, a full 
| correction should be prescribed, although it may have no influence 
| on the correction of the esophoria. 
| If the esophoria is purely of the accommodative variety, a full 
| correction of the hypermetropia usually brings relief to the patient. 
| In this type of esophoria, there is a higher degree of excessive 
convergence for the near-point than there is at 20 feet or 6 meters. 
If a full correction for distance will not be accepted by the patient, 
a second pair of glasses should be prescribed for close wok in which 
the full spheric error will usually be tolerated. is’ will give 
| relief when it is most needed. If the patient, iPtaken into. the 
| surgeon’s confidence, and the needs in his case Amade clear to him 
in simple language which he can understar v people fail to give 
hearty coöperation in the handling of NOAN in an unusual way. 
| It is surprising too when two pair of glass$s ‘ure thus prescribed, how 
| rapidly the patient finds he can weaKhis strong glasses with increas- 
| ing comfort and how soon he wD iscard the weak pair for the 
| stronger ones for constant Qy If the surgeon is convinced that 
any existing esophoria is olely to the accommodative factor, 
every intelligent TEN be made to correct the excessive 
convergence by mean glasses. The average patient will grad- 
ually accept wen more of his hyperopic spheric glass with 
relief from his, enopia. If the ciliary muscle remains too active 


and ore istance tend to blur, the method of using very 
d 


| weak solutos of homatropine, scopolamine, or atropine, are to be 
. Until the patient has clearly demonstrated his 


recor 
ON o wear his full correction by the methods advised, the 


teps in the treatment to be described should not be practised. 
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Medical Treatment.—After glasses have been prescribed, the 
next step in the management of the case is directed to the patient’s 
general condition. The elimination from the diet of tea and coffee 
often becomes necessary in patients of nervous tendencies. The 
same applies to the excessive use of cigarettes or other forms of 
tobacco. A healthful, outdoor life, with proper exercise, helps to 
stabilize an irritable nervous system in bodies of strong physique 
as well as in the weak. Rest from confining and tedious occupations, 
and at times complete cessation of work at the near-point, are of 
great help in restoring nervous equilibrium. There are times when 
a prolonged restful but healthful vacation spent largely in the open 
air or on board a ship will accomplish a great deal in restoring an 
irritable nervous system to a normal balance. All these measures 
may be necessary in aggravated cases. Nerve sedatives may be 
employed when the conditions present seem to indicate their use. 
In an average case, they probably do not accomplish much. In 
selected cases, however, they may be indicated, and should be used. 

Prism and Stereoscopic Exercises.—In the use of prisms, one aims 
to increase the abducting power of the external rotators, or more 
correctly speaking, to strengthen divergence. It has been clearly 
shown that little can be accomplished in this direction by the use 
of prisms at 6 meters. If the abducting power is found to be low 
and out of proportion to the adducting power of the patient, it is a 
good method of procedure to at least attempt abduct) 
The method is as follows: Prisms of low power ar 
before the patient’s eyes as he fixes on a small mu 
or 20 feet across the room. If abduction h en found to be 
4 prism diopters, for example, a 2 diopter D is placed base in 
before one eye. If the two images can , a2 diopter prism is 
added, base in, before the other ike hè two images fuse, an 


increase in the prism strength of 1 digfter at a time is made until the 
maximum point of fusion has been keAched. The results, as a rule, 
are discouraging. One can ine in a few attempts, in the 
office, whether the patie l] respond to treatment. If the 
response is good, daily tice at the patient’s home under the 
same conditions anes added to the office training. 


In the author’s rience, prism training in esophoria, as in 
J, 


hyperphoria, iş Qsappointing. On the other hand, stereoscopic 
exercises have found to be of considerable value. Ina majority 
of cases, s ive convergence is due to the inability of the 
NS ld the innervations within bounds. The response to 
the inne 


$ 
S 
4? 


ation to converge is excessive with inability on the part 


L 
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of the patient to hold it in check. The stereoscope with the aid 
of fusion tends to stabilize and to restrict excessive action. Further- 
more, convergence and divergence are moderately exercised if the 
chart is slowly moved back and forth along the arm of the stereo- 
scope. In addition to the ordinary use of the instrument, according 
to Wells, its value can bemuchenhanced by placing additional prisms 
in front of those used in the stereoscope. In fact, Wells feels that 
a “‘phoro-optometer stereoscope” is necessary to fully carry out his 
method. In the Wells’ model, which is a modification of that of 
Dr. Richard Derby, it is possible by an endless screw to separate 
and approximate the images. Instead of the “‘phoro-optometer 
stereoscope” of Wells, the author attaches spring clips back of the 
lenses to hold loose prisms, placed base in. The patient is instructed 
to begin with 1 or 2 diopter prisms, and the strength is slowly 
increased as the exercises progress. The cards are moved slowly 
back and forth along the stereoscopic arm, as in the exercises de- 
scribed. This method of increasing the abducting power by prism 
and stereoscope combined yields better results than attempts at 
prism training at 6 meters. 


Q 


Fre. 60.—The Phoro-optometer eoscope with adjustable object carrier. (From 
Wells’ AO scope in Ophthalmology.’’) 


Those who are p Os interested in Wells’ method, are referred 
to his book on the Broveosiore in Ophthalmology. 

There is thi@epjection to the simple use of ordinary stereoscopic 
photograph€-) ‘nless the patient is an intelligent adult, who is 
thorot SOR one cannot be sure that stereoscopic vision 

SS ned at all times. It is always best, therefore, to use the 


is ma 
AY dition of Wells’ charts for the purpose. One can explain 
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in detail what should be observed and the patient is less likely to 
fail to fully coöperate. In the experience of the author, patients 
vary much in their ability at first to obtain full stereoscopic vision. 
The patient is instructed, therefore, in the office to practise first 
with charts which offer the least diffculty, and as the practice 
progresses each day, new charts can be added. 

In the accommodative variety of esophoria, which does not yield 
fully to a proper correction, the stereoscope has helped the author 
to make the close work of many esophorics comfortable. It is, 
however, in those cases in which the neurotic element is pronounced, 
and the esophoria varies much from day to day, that the author has 
found the stereoscope of greatest value. A woman, aged twenty- 
| five years, profoundly neurotic with an irregular esophoria amount- 

ing almost to an esotropia at times, was made entirely comfortable 
in her work as secretary, and muscle balance was completely restored 
by the persistent use of the stereoscope. It required several months 
of work, but the results were most brilliant and justified the efforts 
of both patient and physician. 
Convergence and Accommodation Repression—The best method 
of practising convergence repression is by the prescribing of a full 
hyperopic correction when it is accepted by the patient. It is a 
well-known fact, however, that many patients, suffering from high 
hyperopic errors, who have not worn glasses for many years, will 
not accept a full correction. As previously aS the pre- 
scribing of a full correction for near work occasio solves the 
problem in that accommodation is reduced t Oral by such 
glasses, and convergence excess is at the same repressed. 
Hansell and Reber, and others, have rec nded the use of the 
addition of 1 or 2 diopter spheres to Cy rn each day for close 
work to suppress accommodation ac reby influence excessive 
convergence. While the author’s rience with this method has 
| not been very happy, others clajm té have obtained good results in 
a limited number of cases. hief objection to the method lies 
in the fact that most of tl tients are more or less neurotic in 
temperament. The me in itself is irritating to patients because 
they find it difficult x their accommodation. Anything which 
| will increase irritabMit¥ will also increase instability in their muscle 
balance, and i ¢najority of patients, the author found it necessary 
to abandon tl@ptactice. 
Prismg &acvr porated in Glasses.—The distressing symptoms in 
certaimNNxpes of esophoria, which are not relieved by the methods 
of ca thus far discussed, will demand further consideration, 


u 
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| It is generally agreed by those of broad experience that prisms worn 
| with the correction are of little aid in relieving esophoria. One 
is confronted at times with the necessity of at least trying the 
method. A 1.50 to a 3 diopter prism may be ground into the glass 
I || before each eye, the prisms being placed base out. As the test is 
largely experimental and not likely to succeed, the author usually 
prescribes the prisms in the form of a “hook front” to be attached 
to spectacles. If such addition to the glasses is found to be com- 
fortable and of value, they are later ground into the correction 
| either for constant use or for near work only, as the case may be. 
Ii When needed only for near work, the “hook front” offers the most 
| satisfactory form for use. The practice has little to commend it. 
It may be reserved as a last resort for patients who will not codperate 
| and at the same time will not consent to surgical relief. 
Operation for the Relief of Esophoria.—There are instances in 
| which surgery offers relief to high degrees of esophoria when other 
methods of treatment are of no avail. Before resorting, however, 
| to any surgical procedure, the conscientious operator will study 
most carefully the type of case with which he is dealing, and the 
| method of operation which offers the greatest hope of success. 
Patients of a highly neurotic temperament with varying degrees 
of esophoria from day to day, which cannot be stabilized by the con- 
scientious use of the stereoscope, are not suitable subjects for surgi- 
cal interference. Esophoria, however, of high de and rather 


constant in value at each examination, can < teed by well- 


{ 


chosen surgical measures when other method reatment fail. 

Partial Tenotomies.— Partial tenotomies f no value. Some 
forms of partial tenotomies tend to devele Gd eyclophoria and thus 
only add to the patient’s discomfor econd cause of failure lies 
in the fact that unless the entir QO is detached, a remaining 
strand, although slight, may beeen to maintain the power of 
the muscle. This fact surgeons ave learned by experience in their 
failure to correct squint in havs when tenotomies were regarded 
as sound methods of prøyère. The leaving of a single strand is 
sufficient to render NY otomy useless. To this fact Lancaster 
adds his belief t tAth ocular muscle possesses potential kinetic | 
energy far in ex of its needs. 

A third, the chief cause of failure of a partial tenotomy 
to relieve Q horia, is the important fact that the condition is 


. 


inner NS inorigin. In order to overcome excessive convergence : 
the QO al recti should be so placed that, as leaders in the syner- ) 
aN group, which brings about convergence, the mechanical 
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strength of these muscles is reduced, or the opposing group should be 
strengthened. This cannot be accomplished by a partial tenotomy. 

Full Tenotomies.—The dangers of full tenotomies are well known. 
The creation of a paralytic squint or of a concomitant squint, 
divergent in character, is only too frequently the result of complete 
tenotomy of an internal rectus. Furthermore, even though the 
tendon may become reattached, few patients upon whom tenotomy 
of an internal rectus has been performed, are able to sustain converg- 
ence at the near-point for comfortable work thereafter. The author 
recalls the case of the wife of a physician whose internal recti were 
tenotomized for high esophoria. The result was an exophoria of 
higher degree and inability to converge to a near-point working 
distance. Judging from the number of cases of this type seen in 
daily practice and the cases of paralytic squint caused in the same 
manner, one would conclude that it is unnecessary to raise a note 
of protest against so unsurgical a procedure Clinical experience, 
however, confirms the necessity for such protest. 

Recessions, Resections and Tucking Operations.—These are the 
constructive surgical methods of correcting high degrees of esophoria. 
As to the relative value of each, there may be some difference of 
opinion. The author’s preference is stated in the order as given 
and the reason for the same will be given. 

Measures which will bring permanent relief to this ro al are 
either the setting back of the interni or shortening externi. 
As to which is indicated is largely determined by th@prism duction 
power of the internal and external group. ‘ally one finds 
most frequently an excessive convergence, RE Cyequently a diverg- 
ence below the normal. If divergence i and convergence is 
greatly in excess, some form of eee ation practised upon 
one or both internal recti is AR dicated. If divergence 
is much reduced and convergence o> t greatly increased above an 
average normal of 18 to 20 prisypdiopters, a resection or a tucking 
of one or both external recti dicated. An advancement of an 
external rectus is rarely 1 in esophoria. 

In addition to this Va of determining whether the interni 
shall be weakened,(or Sve externi strengthened, the discriminating 
surgeon will conside™¢ertain details in the two types of operations 
and their We) e bearing upon ultimate success. Recession 
of an intern ‘tus to any fixed point on the globe from 1 to 5 mm. 
back o ra insertion, can be performed without risk of 
stitche S ing through because of an absence of tension. Recovery 
is rapid ana occlusion of both eyes need not be practised so long as 
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when a resection is performed. A resection is accompanied by 
tension on the sutures, and requires occlusion of both eyes for a 
period of at least five days. Recovery is more prolonged than in a 
recession operation. If the sutures should cut through and the 
tendon should slip as a consequence, the esophoria may be increased. 
For the reasons given above, in addition to the fact that in esophoria 
we are dealing as arule with a sthenic condition, the author’s choice 
is in favor of recession of the interni rather than resection of the 
externi. 

Resections, or Tuckings.— When preference is given to an increase 
in the abducting power rather than to a decrease in adduction, the 
choice of operation will be a resection or a tucking of one or both 
externi. Resection with advancement is rarely practised because 
as a rule either of the operations in question are sufficient to over- 
come considerable degrees of esophoria. ‘The choice is largely one 
of personal preference. Many believe that a tuck in the external 
rectus is safer, more easily performed, and equal in value to a resec- 
tion. If properly performed this particular indication for a tucking 
operation is the ideal one. As a rule, in the author’s judgment, tuck- 
ing should be limited to cases in which a moderate increase in power 
is desired. It is, therefore, ideally adapted to the correction of 
this form of error. The objections to tucking will be dealt with more 
fully in the section on Concomitant Squint. The fect that the 
muscle need not be cut appeals to patients and ofte, AS 1e surgeon. 
A resection, however, is of equal value and is p Ss by many. 
The cinch method of shortening, as practised | “onnor is ideally 
adapted to the relief of esophoria, if increasec rence Is indicated. 
Whatever the method of choice may be, foung operator should 


always aim to over-correct. The a result is less than one 
expects or hopes to obtain. 

Shall the surgical Sed tie, pe ivied between the two eyes 
or limited to one? Unless "o horia is very high, surgery may 
be limited to one eye. ie z a double recession or a double 


advancement is indicat NS it this also exposes the patient to 
the double danger, T slight, of infection, and the other in- 
creased risks of d operation. Preferably, one muscle should 
be operated upon ead if the results are insufficient, the correspond- 
ing muscle iñ other eye may be operated upon at a later date. 


© EXOPHORIA. 
Ws ney for the visual axes to deviate outward is probably 
ss" 


red in practice more frequently than hyperphoria or 
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esophoria. In youth and early adult life up to thirty years of age, 
it is of comparatively rare occurrence, but after thirty years, the 
number of cases increases rapidly until presbyopia becomes fully 
established, when it is observed in excess of either hyperphoria or 
esophoria. ‘The student may recall that hyperphoria is as common 
in adolescence as it is in early- and middle-adult life. In a majority 
of instances it continues unchanged throughout life, although its 
presence may not give rise to marked symptoms during early 
adolescence. When established, it is a rather fixed quantity. To 
a less extent, esophoria is a condition which is observed frequently 
before twenty years, and after thirty years diminishes in frequency 
rather than increases. 

Hyperphoria is a rather constant and an inherent weakness in 
the muscle balance which may be observed in youth if sought for, 
although its symptoms may not attract attention until close school 
work is begun. Esophoria is present, as a rule, during the adolescent 
period, when muscular energy and nerve force are at their best, 
and more or less unrestrained either because of excess or because 
of instability of the nervous system. Exophoria develops at a 
later period in life, and while not an indication of weakness or of 
declining power, it is at least a passive condition rather than active. 
It is intimately associated with a deficient or declining accommoda- 
tive power in a large number of cases—accommodative 4xophoria, 
as observed in myopia and in presbyopia, but it is EA esent in 
hyperopia before the presbyopic period. Hansell —¥’ Reber in a 
series of 441 cases of exophoria found hyperopi astigmatism 
present in 72 per cent. These figures are xr higher than the 
author’s experience. They serve well, n neless, to illustrate 
the point that certain factors, othe accommodation, are 
responsible for a number of cases. K 

Etiology.— It is difficult to group ical types of exophoria so as 
to include all etiological PpO he following classification is 
fairly comprehensive: 

1. Accommodative exo 
ciated with and largely, 

2. Essential exoy 
hyperopia and astig 


<A, type of exophoria which is asso- 
ndent upon myopia with astigmatism. 
a type which may be associated with 
ism and occasionally with myopia. 


Subdivisions his group, following Hansell and Reber, are: 

(a) Exoph Q), in the presence of hyperopia and hyperopic 
astizrmati&Á With normal divergence and deficient convergence. 

(b) NN pDħoria, with hyperopia and hyperopic astigmatism in 
AT vergence is excessive and convergence is normal. 
~O 
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(c) Exophoria, with hyperopia and hyperopic astigmatism in 
which convergence and divergence are deficient. 

(d) Exophoria, with myopia, in which a convergence insufh- 
ciency has increased to such an extent that correction of the refrac- 
tive error cannot overcome the divergence tendency. 

3. Exophoria of Presbyopia.—It will be noted that the first 
and third groups have what might seem to be a common cause. 
Failing accommodation, however, in presbyopia differs materially 
from the defective accommodation found in the first. The. treat- 
ment of these groups requires different methods and they should, 
therefore, be separated in classification. 

Accommodative Exophoria.— The relation of the meter angle 
of convergence to the diopter of accommodation is definite. Uncor- 
rected myopia admitting of the use of the eyes at the near-point 
without accommodation, creates a passive exophoria which may 
properly be called accommodative. When a full myopic correction 
is worn, the need for accommodation, in order to focus upon a 
near object, once more returns and a normal relation between con- 
vergence and accommodation is restored. This is a common form 
of exophoria and is easily understood. In its solution the student 
will find no difficulties. 

Essential Exophoria.— This group is complex. It not only includes 
many cases of hypermetropia and astigmatism with disturbed rela- 
tions between abduction and adduction, but man 
which cannot be corrected by the simple pre g of glasses. 
It is true that cases which begin as accor ative types, by 
long neglect may develop into aggravatedorms of convergence 
insufficiency. It is probable, however, tha addition to a passive 


phenomenon which plays a role lense the exophoria 
may also be due to active oup oR he author prefers to include 


this myopic type in the group ssential exophoria. ‘There is in 
them something other than a_fatkrre of convergence because accom- 
modation is not called int 

In the experience of ophoria is found in a large group of 
cases in whom the re {ve error is hyperopic. In some instances, 
divergence is in p , in others convergence is deficient, and in a 
third group botPxafe deficient. The cause is inherent and mani- 
festly not Gpmodative. For the want of a better term, they 
may be c essential. It is difficult to assign a cause. It is 
probable Mat more than one factor is responsible. Improper 
RON ttachments, weak internal recti, over-developed externi, 
N malformations, variations in the development of the capsule 


on. 
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of Tenon and the check ligaments, may all in turn have a bearing 
upon the development of this form of exophoria. In the treatment 
of this type, the surgeon encounters his greatest difficulties. Surgi- 
cal interference in some form, when other measures fail, as a rule 
is indicated. 

Presbyopic Exophoria.— Many cases of exophoria have their 
inception with the development of presbyopia. Two types are 
observed. A majority have a normal muscle balance at infinity, 
but, in the late thirties or early forties, develop an exophoria for 
the near-point as sclerosing of the nucleus develops and the power 
of accommodation diminishes. A smaller group develop exophoria 
for the near-point when reading glasses are prescribed. Both types 
bear a resemblance to the first group of accommodative exophoria, 
but have a different etiology, and therefore will be treated separately. 

Symptoms.—The symptoms of exophoria are not unlike those 
found in hyperphoria and in esophoria. They differ with the 
individual and the underlying factors. Headache, as a rule, is 
pronounced and of the panoramic type. It is apt to be increased in 
crowds, in automobiling, in train riding, and by moving pictures. 
In many individuals it may take the form of a “nervous sick head- 
ache,” and may be accompanied by nausea and even vomiting. 
In the author’s experience, close work is more often associated with 
symptoms than is distant vision. Headache, nausea, eye fatigue, 
blurring of the print, redness of the lids, and drowsinesg4réyhe chief 
complaints. Hyperemia of the lids may develop a chronic 
blepharitis. Drowsiness on attempts at mig with 
conjunctival hyperemia, may become so ann as to cause the 
patient to abandon all close work. Those x bat the vocation 
of mechanical drawing find their work } arly trying. Hansell 
and Reber found many of their ee ered from neurasthenia, 
with all symptoms thereby increas In the author’s experience, 
this condition is found more fr g ly associated with esophoria. 
Age, however, is a determini ctor. If neurasthenia occurs in 
early adult life, it is moxe cy associated with esophoria. If it 
occurs after thirty Sre) phoria may be associated as a coinci- 
dence rather than eo use and effect relationship. There are 
instances, however which the characteristic general muscular 
fatigue of ee may be shared by the ocular muscles. 

Fa ee y of the tests described may be employed in the 
detectior & (xophoria. A routine method of study should be 
followe N ll patients whether they present themselves for refrac- 
tion a ww conditions which do not include acute inflammations 
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of the eyes and conditions in which a muscle balance cannot be 
taken. Routine study should include the use of the Maddox rod 
for far and near, the Maddox wing test or other satisfactory test 
for the near-point. This study at 33 cm. should be emphasized. 
It is not sufficient to determine the muscle balance at 6 meters. 
There may be orthophoria or even esophoria at 6 meters, and 
high degrees of exophoria for the near-point. In addition, the con- 
vergence near-point should always be taken and if exophoria is 
found to be present, lateral ductions are equally important. Forti- 
fied with a knowledge of the complete refractive error, the muscle 
balance, the convergence near-point, and the lateral duction power 
of the patient, the surgeon is in the possession of facts by means 
of which he is in a position to bring relief to a majority of these 
patients. 

Treatment.—The results in the treatment of hyperphoria are 
most satisfactory as to the relief of symptoms. Cures of the 
condition are rarely effected excepting in those cases in which a 
correction of the refractive error restores the vertical balance. 
The treatment of esophoria is less satisfactory. Relief, however, 
is possible in many cases. Exophoria, on the other hand, offers a 
field for the interested ophthalmic surgeon, to effect cures and to 
bring relief to a large clientele. In the author’s experience, there 
are few patients suffering from exophoria who cangot be made 
comfortable. N 

The reader will naturally ask how much e ria should be 
regarded as pathological and in need of cory n? What degree 
may be ignored as a negligible quantity % hors speak of “phy- 
siological exophoria” meaning thereby amount of exophoria 
which patients will tolerate AUCT) mptoms. The term is 
incorrectly used! Exophoria 1 physiological at normal 
reading distances. There is a erent difference in patients in 
their ability to overcome vagying degrees of heterophoria without 
symptoms. Again this ality may vary in the same individual 
at different ages ans different health and environmental 
conditions. The q n becomes one largely of individuality. 
It is difficult to Ify qdwn any hard and fast rule as to the amount of 
exophoria whjch âch patient will tolerate without symptoms. 
On an averg: Oor 2 diopters of exophoria at infinite is borne by a 
majoria tients without complaint.. Two or 3 diopters may 


: NN issin exophoria’’ may be said to exist when the eyes converge 
V 


to y near-point. This is not the exophoria to which the average physician 
i ; in using the term ‘‘ physiological exophoria.”’ 
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cause no symptoms at 33 cm. There are few patients who will not 
experience discomfort with more than 2 diopters for distance and 
more than 3 diopters at the near-point. The degree of exophoria, 
therefore, which will require treatment becomes an individual 
one and the surgeon must be guided largely by the comfort of the 
patient. There is one exception to this broad statement in which 
the surgeon’s better judgment should prevail. An exophoria, not 
of the accommodative variety, of 3 diopters or more, occurring in 
adolescence or in early adult life, should be treated even though 
the patient may deny any discomfort. At this early age, the 
patient’s reserve force, supplied by his youth, may be called upon 
indefinitely, and no noticeable symptoms may become manifest. 
When, however, much exophoria is present so early in life, increasing 
amounts are apt to become manifest as the resistance of adyancing 
age declines, and every effort should be made to overcome this tend- 
ency when it is first observed. 

Methods of treatment will vary some in each group. One can 
in a way lay down general principles which will apply to all cases, 
variations to be made as indicated by underlying factors. With 
the full coöperation of the patient, the treatment of exophoria is 
very satisfactory. In the author’s earlier experience, the accommo- 
dative type yielded promptly to approved methods, but other forms 
were baffling and a source of much worry. Added experience and 
patience combined with the awakening of an ent en on the 
part of the patient in a matter of full codperatio re made the 
treatment of this form of heterophoria mos{\gfatifying. The 
latter element is essential. An enthusiastic ull coöperation is 
necessary. Itis not possible in every inst o restore the muscle 
balance. to normal, but success, as a oy S in direct ratio to the 
energy and time which the patient isgywitw#e to devote to the purpose. 

Refraction.—As ‘in the other 


ties of heterophoria, careful 
refraction under a cycloplegic jg thé first step in the treatment of 
the case. It would seem tc Ch ee to advise the student 
against the prescribing of gfessé4 while the patient is under the influ- 
ence of the cycloplegiN nfortunately, it is a practise which is 
followed almost HO Only after the effects of the cycloplegic 
are no longer opéve#ive, should an attempt be made either to 
prescribe Lae to determine the muscle balance with the pro- 
posed correc placed in the trial frame.: The single exception to 
this ROW in myopia. A full correction may be prescribed in 


aN found under the cycloplegic. Manifestly, however, 
Ante ients should be asked to return after the effect of the drops 
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has disappeared, to determine the muscle balance and for further 
treatment if required. The reasons for a full myopic correction 
are patent. It is the rule in prescribing for moderate degrees of 
myopia, and it is doubly essential when an exophoria exists, to 
bring about a normal degree of accommodation for varying dis- 
tances, in order also to restore a normal converging power. This 
is the “accommodative” type of exophoria. The exophoria may not 
disappear entirely after the wearing of the lenses, but in an average 
case after a week or ten days of constant use, a normal balance will 
be restored to the patient’s entire comfort. If recovery is not 
complete, as shown by the symptoms and by the Maddox rod tests, 
appropriate treatment to be described under the head of ‘prism 
training” will complete the cure. 

A hyperopic sphero-cylindrical error will require special considera- 
tion. Low hyperopic spheres with hyperopic astigmatism need no 
serious consideration at any age. Spheres under 0.75 diopters can 
be safely omitted, if the patient is not presbyopic. A full hyperopic 
spheric correction will tend to increase an existing exophoria, or to 
state it differently an under-correction will require greater accommo- 
dation on the part of the patient and will thereby stimulate conver- 
gence. If the full cylindrical correction is worn, an accommoda- 
tion of 1 or 2 diopters will do no appreciable harm in a patient under 
thirty years of age. After thirty-five years, every diopter of spheric 
error must receive due consideration in relation aN amount of 


near work which the patient may be called upo erform. The 
ee therefore, to be followed in moderate Mewees of hyperopia, 
1 to 3 diopters, is to prescribe as much KO spheric error as the 


patient’s near work will demand, beari SNe the fact that an 
under-correction will aid the exoph rAr may be present. 

Hyperopia of high degrees, 4 lopters, require special con- 
sideration. High degrees of h ypia, like myopia of moderate 
degree, lower central vision gyen early in life, and increasingly so 
with each decade after scence. It is manifestly necessary 
under these conditions Lj first consideration to the requirements 
of central vision an SA) consideration to the exophoria. The 
same rule, howe plies as in moderate degrees, namely a cutting 
down of the sphéreS which may safely be made in the interests of 
central visia ll aid in the correction of an existing exophoria. It 
is well als call attention to the necessity for careful centering of 
the n high degrees of hyperopia in order to prevent pris- 
ma y. unless one does so designedly. Any residual exophoria 

aon may call for treatment may be met as indicated under “prism 
or 


ing.” 
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Exophoria between the ages of thirty-five and forty-five years 
must be met as individual cases demand. If an exophoria of 4 
diopters or more are present, the demands of oncoming presbyopia 
may require two pair of glasses. Exophoria for distance may be 
controlled by a moderate but deliberate decrease in the strength 
of the spheres. A fuller correction for the near-point may be pre- 
scribed with suitable exercises to overcome the exophoria. 

When presbyopia is established, plus lenses should be prescribed 
as indicated. Any annoying exophoria must be dealt with by 
suitable training. 

Reading Distance.—Orthophoria for distance with a moderate 
degree of exophoria for the near-point which glasses do not correct, 
may be reduced to a minimum by instructing the patient to read 
and do near work at a maximum distance from the eyes. Exophoria 
diminishes as one recedes in fixation from the near-point toward 
infinity. On the other hand, certain occupations, such as mechanical 
drawing, require concentrated effort at close range. ‘This increases 
the tendency to exophoria and may be met by prisms at rest, 
this to be discussed shortly. 

Medical Treatment.—Logically with the prescribing of glasses, 
a careful inquiry will be made as to the patient’s habits of life, his 
occupation, the amount of exercise indulged in, his temperament, 
etc. Any measures which will tend to improve the general health, 
increase the general muscle tone, and stabilize Lat balanced 
nervous system, will help to hold in check a tendegyọy Wto exophoria. 
To this end, hours of close work should be lim) o a minimum; 
outdoor exercise should be encouraged and patient should be 
as free from worry as is possible. Incre oses of nux vomica 
have been advocated with good Q) e cases. In others, the 
cutting off of tobacco and cigarettesNefive brought about happy 
results. Coffee and tea are mor a to aggravate an esophoria 
than to increase exophoria. oi from the use of large doses of 
strychnia and nux vomica, t thor has found no specific medica- 
tion of value in the txe , other than that which may be 
directed to underlyin eal conditions referred to above. 

Prisms IncorpoyfttehAin Glasses for Constant Use.—Although 
comparatively litthfse has been made of prisms to be worn base 
out or in, ther iApdistinct but limited field for their usein exophoria. 
Reference h&peen made to the use of prisms placed bases in for 
binoculh Wion at close range. The ophthalmic surgeon after 
thirty SS years of age will find the addition of a 2 diopter sphere 


with\a 2 diopter prism base in, an advantageous addition to his 
S 
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distance correction for close-up intra-ocular operations. Similar 
additions have been made tothe distance correction of patients whose 
occupations require the minute inspection of stamps, coins, ete. 
The mechanical draftsman can be made more comfortable for work 
at close range with a 1 diopter sphere placed base in before both eyes, 
by means of hook fronts, this to be removed when work is resumed 
at the usual working distance. 

In addition to these practical uses of prisms adjusted for exophoria 
at close range, there are instances when prisms may be similarly 
prescribed in carefully selected cases. If all methods of treatment 
fail to relieve a harrowing exophoria, and the patient will not 
consent to, or the physician deems it inadvisable to resort to opera- 
tive interference, the patient may be made tolerably comfortable 
by prisms ground into his lenses or added to his correction by 
“hook fronts.” The author does not recommend the indiscriminate 
use of prisms so placed for the correction of exophoria, but he can 
testify to a few instances in which patients have been made com- 
fortable by such prescriptions. For this purpose, a 1 or 2 diopter 
prism is ground into the near segment, base in before each eye, or 
the same is incorporated in a ‘“‘hook front” with the near correction. 
In a few instances, although the exophoria may be considerable 
for distance, 5 to 9 diopters, the patient may continue the fight for 
single binocular vision for distance, but abandons binocular vision 
for the near-point. In such cases, 1 or 2 diopter prig ZEN eedi in the 
distance correction may do much to relieve the p EAN discomfort. 

Although the author feels that many, li mself, find the 
limited use of prisms incorporated in the topic correction of 
great value in a number of cases, their Scriminate use before 
thorough training has been ei CO o be discouraged. This 
use of prisms in exophoria should one made after proper treat- 
ment has failed and operation isva@@elined, or in those of advanced 
years in whom training does not fier much hope of success. 

Special Exercises she Prism Training.—Many forms of 
ocular exercises are pri ll of which are alleged to be of value 
in increasing the Sos wig power of the eyes. The most practical 
of these is the nee of approximating a pencil, for example, to 
the eyes as the is intently fixed by the patient. When the 
point ee exPbecine double, it is again carried away from the 


o) 


eyes and Orly brought to the convergence near-point. ‘This 
EN Q: of some value if the patient concentrates upon the 
exer W notes carefully when the pencil breaks into two images. 


«a the same object in view, the author instructs patients to 
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spend brief periods each day in reading aloud to himself in the fol- 
lowing manner. A good-sized type is selected and reading is begun 
at arm’s length, and the book or manuscript is gradually brought to 
the near-point of convergence, when the type becomes blurred and 
diplopia will follow or one eye only will fix and the other will diverge. 
When this point is reached, the book is again moved off and gradu- 
ally, as before, is brought to the nearest point possible with clear 
binocular single vision. This form of exercise is more apt to hold the 
patient’s attention because central or foveal vision alone is being 
used. Reading aloud will insure greater concentration than the 
simple pencil exercise to which reference has been made. 

These exercises are not of great value in high degrees of exophoria. 
In low degrees, 4 or 5 diopters, when the amount of exophoria is 
the cause of symptoms, some good may be accomplished by their 
use. 

Prism Training.— Prism training has been practised by many 
and passed into discard because the method practised failed to 
produce results. In some instances, failure may be attributed to a 
lack of coöperation on the part of the patient. More often, however, 
the cause of failure may be due to faulty methods and technic. 
The author’s earlier experiences were of this character, but by 
persistence and renewed efforts, a method of training was evolved 
which has proven to be of great help to him and to manythers who 
practise similar methods. As the minute details ential to 
success, the method as practised will be given akon 

Before prism training is begun, the refracti 
corrected, the muscle balance is taken for t 
the convergence near-point is ite: 
lateral ductions are recorded. 

Instructions are given in the offi Gh use of prisms at a dis- 
tance of 6 meters or 20 feet fron a muscle light. The patient’s 
converging power determinesg$he~ prism strength with which to 
begin. If the adducting p aas been recorded as 15 diopters, 
for example, two 5 di risms are placed in the patient’s 


rror is carefully 
r- and near-point, 
centimeters and the 


hands for use. Trial es are not used. The prisms are square 
or rectagonal. T tient is instructed to hold a prism base 
out before the righ€ye and observe that two lights appear, but 
R O “Minto one. It is essential that patients should 


recognize act to obviate mistakes in the future. If they 
recogni Q fact that two lights appear momentarily but fuse, 
aN T. object of the training. Prisms are placed base out, 

se Ni light is displaced thereby to the outside of the macula, 
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and a converging movement must be executed in order to bring 
the maculæ into position to secure single vision. 

After the first prism is overcome by fusion, with this prism still 
in place the second 5 diopter prism is added before the left eye and 
the fusion process is repeated and both prisms are held in place for 
a few moments. 

In the second step, a 2 diopter prism is added to the 5 in the right 
hand and fusion is obtained. To this is added the 5 in the left hand, 
making a total of 12 diopters. In the third step, 7 diopters are added 
in the left hand. Additions are made step by step until the patient 
reaches his maximum for that period of exercise and the amount is 
recorded. In the example given above, it is not unusual to be 
able to add a total of 25 diopters at the first sitting. A muscle 
balance is now taken, and a decided improvement in the degree of 
exophoria, especially for the near-point, gives the patient the assur- 
ance that much may be accomplished by systematic training. 

The patient is given minute instruction in each step taken, in 
order that he may carry out the real training at home. He is then 
given an order to one of the many optical houses, with whom one can 
arrange to rent sets of prisms suitable for this purpose. The sets 
should include two each of 2, 3, 5, 10, 15 and 20 diopters. He is 
also given the following type-written instruction slip to help him 
to conduct the exercises at home. One or two fifteen-mmute periods 
are devoted daily to the training, always at RO carefully 


measured. Q 


SIMPLE RULES TO OBSERVE IN TRAINING efs IN EXOPHORIA. 

1. Use a lighted candle placed at 20 feet i SS ising at distance, and at 
2 feet if at the near-point. (A dark bac ane is best.) 

2. Hold the thick part (base) of thesp 6 out before the eyes. 

3. Hold them accurately, in the talona position, and do not tilt. 

4, Always begin with the prism bé@{gfe the right eye. 

5. Looking at the fixation li hold before the right eye the lowest 
degree prism in your set vig separate the light into two, probably 
3 or 5 diopters. Endeay @ e these two lights into one. When you 
have done this, place DAN he left eye a lower degree prism than the one 
you are using befor Kht eye. This will cause the light to separate 
again. In the same manner as you fused the two lights before, now 
endeavor to bring thë two lights together. 

6. In buildin , make the additions to the right eye mostly, 2 and 3 
diopters at_a(time, until 30 or 40 diopters are reached, when the prisms 
may b SN | more equally between the two eyes. 

7. NA vor to reach 75 diopters or more. 


8 tise for fifteen minutes daily with glasses on while exercising. 


S 


EXOPHORIA | 


| He is asked to report in one week for a check-up to correct errors 
in technic, and to determine the results of training, as to comfort 
and as to the state of the muscle balance. If the technic is thor- 
oughly understood, return visits are requested in one or two weeks 
and at less frequent intervals thereafter as the case may require. 
The length of the training required, varies with the individual and 
with the degree of the exophoria. A minimum time should be four 
| weeks but many will require eight weeks or longer. 
| The results, with few exceptions, are good. As a rule, the average 
| patient will report comfort after one week of proper training. 
| Itis not always possible to bring about a normal balance in the higher 
| degrees of exophoria. What is accomplished, even in those cases 
which show a residual exophoria for the near-point, is comfort and 
a reduction of the exophoria to within limits, which can be over- 
come by the fusion faculty without discomfort to the patient. What 
degrees of exophoria can be overcome by this method has often been 
asked? The author has been able to relieve an exophoria of 5 to 7 
diopters for distance and corresponding 10 to 15 diopters for the 
near-point. 

When the patient has reached satisfactory results, he is instructed 
to purchase two 15 and two 20 diopter prisms for home use. 
With these he is asked to practise at intervals of a few days to a 
week in order to “keep himself fit.” He can, as a rule\determine 
for himself the state of his adducting power by the: or diff- 
culty with which he can fuse, after periods of r Nia higher 
prism denominations. There is a tendency in GA regress, but 
a brief period of training as a rule suffice ce them on their 
former basis. In others the results are Ke) ‘Ore 

Quite a few find it difficult to ors nack of fusion at first. 
It may not be possible for some of lok adtúction power to accomplish 
much at the first office visit. e nsion, strange surroundings, 
and embarrassment at failing succeed even with low prisms, 
occasionally make the first O O is almost futile. These patients 
are carefully TEEN oe home to try the experiment in 
the quiet of their own Or o they usually meet with success 
and subsequent atfe improve from week to week. 

How far orf ients be instructed to carry the experiments? 
An average ore X ae is usually sufficient, although patients of 
low adductj ower at first may eventually be able to overcome 
80 and, ASN Opters. 

Can exercises be carried too far? This is possible in a few 
instaces, and for this reason, return visits should be made to 
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check-up upon the state of the muscle balance. When a patient 
shows orthophoria or little exophoria for distance, but a consider- 
able degree for the near-point, the exercises may be limited to 
practise at a near-point of from 33 cm. to 1 meter from the light. 
This same rule is followed, if the exercises bring about 3 or more 
diopters of esophoria for distance. When, however, even 2 diopters 
of exophoria are present at 6 meters, the exercises should be practised 
at the usual 6 meter distance. To one who understands the under- 
lying principles of heterophoria and fusion, it might not be necessary 
to add that it is immaterial as to whether the prisms are placed before 
one eye or both. The results must necessarily be the same. It is 
not a matter of one eye or the other doing the work. It is a question 
of fusion in which the eyes and the musculature share equally. 
When, however, a prism of high degree is placed before one eye, the 
image is so changed in form and color as to make it totally dissimilar 
to the light as seen by the other eye. ‘This dissimilarity of the two 
images in shape and form and color makes fusion more difficult. 
When prisms of a high degree, therefore, are placed before the eyes, 
they should be so equally divided as to create images of similarity 
so as to aid the power of fusion and not hinder it. 

Surgery in Exophoria.—The results obtained by prism training 
in even considerable degrees of exophoria are so satisfactory that 
the final step in the management of this form of heterophoria, namely 
surgical interference, rarely becomes necessary. It Y he surgeon 
of large experience will study his case most carefgplbefore he will 
advise surgical procedures. A patient of a high{Neurotic tempera- 
ment is not a good subject for surgery, er the condition be 
one of esophoria or exophoria. The typ atient usually selected 
is one whose exophoria is of consid degree for far and near, 
whose vocation demands many her the near-point, and whose 
condition is manifestly caused me anatomical defect, such as 
referred to under etiology. is type surgery may be of great 
value. Any surgical proce which offers an increase of the con- 
verging power of the referable to one which theoretically 
will diminish the di ng power. ‘Tenotomy of the externi is 
not only valuele dangerous. Recession of the externi is not 
accompanied by alwrisk, but the setting back of one or both external 
recti is not &@J*@ical procedure for the correction of this condition. 

Resecti ©) uckings and advancements of one or both interni 
offer avaftgite of operations in which surgeons are guided by indi- 
vidu NY ference and by the degree of exophoria to be overcome. 
ae performed advancement in which muscle, capsule and 
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conjunctiva are included, is the operation of choice. Preference 
is given to tucking of the interni by others. 

Both operations have advantages and disadvantages. The 
surgeon of limited experience will probably encounter fewer serious 
difficulties in tuckings than in resections. At all events, if tucking 
is indicated in ophthalmic surgery, it is in the phorias (eso- and 
exophoria) in which the operation can be said to be of special 
value. ‘The same operation is practised by many in the correction 
of moderate degrees of squint. In the lateral phorias, therefore, 
when only a moderate degree of latent deviation must be overcome, 
the operation may be practised to advantage. Resections with 
advancements are reserved for the correction of the higher deviations 
as found in squint. The combined operation rarely is indicated in 
exophoria. 

As previously indicated, the relation of the prism duction power 
becomes a determining factor in the choice of operations. Even 
though weak convergence may be the rule, there are instances in 
which excessive divergence is a dominating factor. When such is 
the case, recession of one or both external recti may be indicated. 

As a final word in the surgery for the correction of esophoria or 
exophoria, the author would remind the reader that although the 
various procedures would seem to be the same as when applied to 
the correction of concomitant squint, such is far from agtrue state- 
ment of fact. True enough it would seem that er ference is 
only one of degree. As a matter of fact, howev e results in 
the phorias are not as gratifying as in squint. oes {uint there is a 
definite amount of deviation which may be c d by a properly 
performed operation. Parallelism of the~QNgtfal axes enables the 
fusion faculty to again functionate eo) 10rmal individual. In 
the lateral phorias, on the other oO the underlying factor is 
one of innervation. In some ins s, even after a considerable 
gain by operative interferenc e Fo continues to manifest 
itself. The chief cause for { e in the author’s experience is to 
be found in the fact operation cannot correct a faulty 
innervation which real function of the brain; nor can an opera- 
tion upon a single e be expected to restore a normal balance 
when twelve extra®eñlar muscles, as well as the intrinsic ocular 


group, are contd Sed i in this act. It is, however, the only surgical 
means of ap N When all measures fail to overcome exophoria, 
operative KA 
guard 

O operation, prismatic and especially stereoscopic exer- 
Ve 


eAsures, nevertheless, are justified, if the prognosis is 


re again indicated if the best results are to be realized. 
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CYCLOPHORIA. 


A tendency to a deviation of the vertical meridians of the cornez 
from the normal, around their sagittal axes, is probably less under- 
stood and less discussed than any other organic or functional motor 
anomaly of the eyes. From a practical standpoint the subject 
is almost ignored. This is due in part to a general lack of knowledge 
of the phenomenon and in part also to the fact that many writers 
on the subject believe that cyclophoria rarely gives rise to symptoms. 
In fact, there is great diversity of opinion among authors. Some 
are in accord with Maddox! in his statement “in nearly all cases, 
non-paralytic cyclophoria causes no symptoms and requires no 
treatment.” Others have been carried in their enthusiasm, like 
George T. Stevens? to believe that cyclophoria plays a dominant 
role in the production of all forms of functional motor disturbances 
of the eyes. Between these widely diverging beliefs, the careful 
student of the ocular muscles and of refraction will find a sufficient 
number of patients who complain of phenomena, which can only 
be caused by cyclophoria, to make a careful study of the subject 
worth while. 

Nomenclature.—Cyclophoria’ is the generally accepted term now 
used to express a tendency to a deviation of the vertical meridians 
of the corneæ from the normal. Plus cyclophoria indicates a tend- 
ency for the upper end of the meridian to lean tewweward and 


minus cyclophoria signifies a tendency to nasal le . “George T. 
Stevens introduced the terms plus and minus ations for the 
same conditions and Maddox is credited wj he introduction of 


plus and minus torsion. While all are COrPR nothing is gained by 
the multiplication of terms. Cyclo harmonizes with the 
nomenclature now universally use a) divisions of the generic 
term herterophoria. G. C. Savag&\suggests a further subdivision 


into pseudo- and intrinsic cyMephoria. Pseudocyclophoria is 
used by Savage to indicat @clophoria which results from the 
efforts of patients to ov refractive errors and which, in a 


large measure, cease WNB the proper correction of such errors. 
Intrinsic cyclophors © bplied to deviation tendencies which result 
largely from a and innervational influences. In order to 
harmonize AO subdivisions applied to other forms of hetero- 


1 The CN fusoles, 2d ed., p. 236. 
2 M NY yaratus of the Eyes. 


) 
3 TINA 1 cyclophoria, according to Savage, was proposed by George H. Price. 
4 htħalmic Myology, 


so 


CYCLOPHORIA 159 


phoria, the author will adhere to the terms accommodative and essen- 
tial cyclophoria. In the former, the cyclophoria is associated 
primarily and fundamentally with ametropia and corrective accom- 
modative efforts. In the latter group, “essential” expresses the 
basic character of the underlying cause. 

Etiology.—In the section on Physiology, the author emphasized 
the fact that each muscle has primary and secondary, or subsidiary 
actions, the lateral rotators excepted when the eyes are in primary 
position. The internal and external recti are lateral rotators. The 
superior and inferior recti are concerned primarily with elevation 
and depression. In right and left rotation, in elevation and depres- 
sion, these muscles are the leaders in their several groups. To 
the obliques is assigned the function of torsion or wheel motion, or 
of maintaining the vertical meridians in equilibrium. Regardless of 
the efficiency of the obliques in elevation and depression of the 
eyes, this primary or basic function of wheel motion must be 
thoroughly grasped in order to understand the manner in which 
cyclophoria may be produced: ‘The superior obliques are intortors 
and the inferior obliques are extortors. When the superior group 
under act, extorsion is the result; if the inferior obliques are weak, 
intorsion is apt to follow. 

There are instances in which it is difficult to determine whether 
the causative factors are wholly of the accommodative, variety or 
whether faulty responses to innervations or anatomi bnormal- 
ities are totally or in part responsible. In many ins s, probably 


all may contribute. 

An example of the accommodative variet rind in oblique 
astigmatism. When a patient, suffering f blique astigmatism 
of considerable degree, looks at a vepex@UVor horizontal line, the 
image formed on the retina will lea rd the maximum corneal 
meridian. Unless the astigmatis K corrected by a cylinder, 
the corrective action of an oblj Ovi necessarily be called into 
play to overcome the leaning CA uncorrected oblique astigmatism, 
as Maddox says, ‘“‘correcti rsion becomes a life habit.” This 
explains the great am of headache and the nervous upset 
which so often ue astigmatism at oblique axes. It also 


explains the reasor latent cyclophoria when a cylinder is im- 


properly PPNA regard to the correct axis. With the proper 
correction, héWe 

disappear GS 

THR of oblique astigmatism in the production of latent 


torsiqn È more easily understood by following the diagrams sug- 
| ee <V 
Y 


rer, of oblique astigmatism all symptoms should 
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gested by Maddox, but modified by the author to conform to 
We anatomical methods of observation. 

AN If a strong plus cylinder, + 4D, is placed before the right eye at 
| axis 135 degrees, and the subject is asked to look at the cross Æ in 
gii Fig. 61, the left eye being closed, the cross is observed as in B, 


— 


E 


D Q) 
o) re. 63 


Figs. 61, 62 and 63.— Diag a) trating the effect of a + 4D cylinder, placed 
OS the eyes at oblique axes. 


the lines ‘nilinedGabard the meridian of greatest curvature. ‘The 
retinal image ep towards the meridian of the maximum corneal 
curvature. 1e cylinder is placed before the left eye at axis 45 


degrees AN Cross will seem to be as in C. D in Fig. 63 represents 
the RNS they would be seen with both eyes if no attempt at fusion 
Į 


were pòssible. As this is impossible, concentration of both eyes upon 
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the horizontal results in perfect fusion as in Æ in Fig. 63, and if the 
vertical line is fixed, F is the result. The artificial oblique astig- 
matism produced by a plus cylinder, illustrates what happens when 
oblique astigmatism exists as a natural refractive error. This form 
of accommodative cyclophoria is correctable by proper refraction and 
the obliques are relieved of the necessity of constant over-action. 

Another phase of eyclophoria is observed in near work, especially 
in the lower field. Convergence of the eyes in the lower field, as in 
reading, is brought about by the inferior recti, the internal recti, 
and in part by the superior obliques. With the downward pull of 
the inferior recti, there also is a coincidental tendency to extorsion 
which must be offset by the intorting action of the superior obliques. 
If extorsion is not properly balanced by the action of the superior 
obliques, plus cyclophoria may be the result. This is largely an 
accommodative type, although intrinsic or essential factors may 
aid in bringing it about, as for example insufficiency of the obliques. 

The purely essential cyclophoria is due either to innervational 
disturbances, or to some form of anatomical abnormality In an 
individual of an unstable nervous system, failure of the obliques to 
respond normally to an innervation is as easily understood as failure 
of the lateral rotators to make a normal response. In such instances, 
there may be no anatomical abnormalities. The over-action or 
under-action of the obliques are simply an expression of an over- 
action or under-action of the ocular muscles in general. 

Although Stevens was inclined to believe that X iiency or 
over-action of the obliques, as observed in cy, 
underlying cause of other forms of heterophor 
leads one to believe that the cause and 
reversed. For example, the complex 
annoying hyperphoria, necessitates on 
of the vertical recti and the obli a 
follow this effort is more easily upd 
enon, namely the production 


oria, was the 
‘Tinical experience 
‘relation is in fact 
uired to overcome an 
ined corrective action 
That cyclophoria should 

ood than the reverse phenom- 
yperphoria because of an existing 


eyclophoria. 

Cyclophoria may be Gera or bilateral. It may be plus in 
one eye and minus & other, it may be plus in both, or minus 
in both. A cause oXe¥clophoria, particularly of the unilateral type, 
may be some RY of motor anomaly. This may be due to an 
improper ins 1, or other defect, to some abnormality of the 
capsule ef Keon, or to paresis of an oblique. 

.—The symptoms produced by cyclophoria are prob- 
aore consequence than is general conceded. They form 


| 
| RS 
XO 


ne) 
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a part, no doubt, of the general group of symptoms credited to 
other forms of muscular asthenopia, and rarely are separated. A 
specific instance, however, of symptoms due to cyclophoria is 
observed in oblique astigmatism. The severe headache and nervous 
upset, even nausea and vomiting so frequently noted in oblique 
astigmatism, is due in great measure to the corrective action of the 
obliques necessary to overcome the tendency to the leaning of 
the images. - 

After correct refraction and an apparently normal muscle balance, 
patients occasionally return with continued evidence of ocular dis- 
comfort. It is not unlikely that a careful study of such cases will 
uncover the fact that some at least may be suffering from cyclo- 
phoria. Stevens found an amplitude of 11 degrees of extorsion and 
slightly less for intorsion. It is generally believed that considerable 
degrees of either plus or minus cyclophoria can be overcome by the 
average individual without symptoms. In others, just as in hyper- 
phoria, even moderate degrees of leaning may produce symptoms. 

Head tilting, which is observed in ocular muscle palsies and in 
hyperphoria, is also a symptom of cyclophoria. In ocular palsies 
the tilting of the face is of greater value than head leaning to the 
shoulder in bringing the images to a common level. In the author’s 
experience the so-called “shoulder tipping” is as much in the in- 
terests of correcting the leaning of the image as of, lowering or 
raising the false image. In all cases of head po pe Yperetore in 
which the muscle balance is normal, careful stu ould be made 
as to the presence of cyclophoria, either unila r bilateral when 
the leaning of the images is in the same ane , either to the right 
or left. x 
Methods of Studying Cyclophora.- ÓR} cyclophorometers have 
been devised for the detection Sy easurement of cyclophoria. 


They are for the most part adap o laboratory use, and few have 
found their way into privat e equipment. Price apparently 
was the first to design suc instrument which consisted of glass 
rods mounted vertically the eyes with a double prism placed 
before one. The pripQyWes involved in this test have been incorpo- 
rated in the mo@@riélinical tests which are usually employed in 
the detection of ®# condition. The clinoscope of Stevens (Figs. 
64 and 65) isffPbably the most practical and the one generally in 
use for la Kory study.! 

For<‘pfactical office use two Maddox rods may be carefully 


1 Th&ihterested reader is referred to Stevens (Motor Apparatus of the Eye) for 
auc of this instrument and its operation. 
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mounted or attached to a phorometer, if accurately placed by 
means of a spirit level, so as to insure that the rods are strictly 
vertical. The lines may be separated by a suitable prism so as to 
prevent fusion. A single rod may be used without a displacing 


Fia. 64.—The clinoscope. (From Kyns’ “Motor Apparatus of the Eyes.) 


> 


Ww E.B,MEYROWITZ.NY. 
Fie. QW lines for the clinoscope. (From Stevens’ “Motor Apparatus of 


the Eyes.’’) 


TE 
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prism, if a plumb-line is dropped through the light, with which the 
line of light from the rod may be compared. Either of these 
methods will definitely disclose a plus or minus cyclophoria (Fig. 
66). For the near-point a Maddox double prism may be placed 
before one eye and a line on a card in the horizontal may be focussed 
at 33cm. The eye before which the Maddox double prism is placed 
will see two parallel lines. Between these lines will appear the line 
as seen by the other eye. If the three lines are parallel and hori- 
zontal there is no cyclophoria. A dipping of the middle line to 
the left will indicate minus cyclophoria of the left eye if the prism 
is before the right eye. If the middle image dips to the right the 
condition is one of plus cyclophoria (Fig. 67). 


Fic. 66.—Savage’s cyclophorometer horington.) 


vertical corneal meridian is into because of insufficiency of the 
left inferior oblique. If this måle line dips to the right the left 
eye is extorted because of 3 ciency of the left superior oblique. 
The position of the fals e with reference to the vertical and 
horizontal meridians € cornea is opposite to the leaning of the 
cornea. When t per end of the corneal meridian leans to the 
temporal side th&{#lse image in the vertical will lean to the nasal 


side, and On ona false image will dip to the right. The 


The false image, if inclined t QOQ t, will indicate that the 


diagrams i@\ħg. 67, A and B, are recorded by the anatomical 
ANS re reader sees the lines, as it were, through a trans- 


p ara 


When the double prism is placed before the left eye the image 


aS 
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of the right eye may dip to the right or left. If the inferior oblique 
is weak the corneal and retinal meridian will lean to the nasal side 
the horizontal meridian will dip to the left and the resulting image 
will incline to the right— minus cyclophoria. If the superior oblique 
is weak the vertical corneal and retinal meridian will lean to the 
temporal side—plus cyclophoria. The horizontal meridian will dip 
to the right and the horizontal image will incline to the left (Fig. 68, 
C and D): 


A B 


ot eee 


Fia. 67.—A, minus cyclophoria of left eye; the double prism before the right. 
B, plus cyclophoria of left eye; the double prism before the right. 


C D 


a ae aay ean eng eee On 


Fig. 68.—C, minus cyclophoria of right eye; double prism on left eye. D, plus 
eyclophoria of right eye; double prism on left eye. 


The reader will observe that plus cyclophoria ref Y the out- 
ward leaning of the vertical retinal meridian, and n the leaning 
of the image. The latter is directly A example, in 
plus cyclophoria of the right eye the ver retinal meridian 
incline to the temporal side; the vertical ir will lean to the nasal 
side and the horizontal image will dip ft. This harmonizes 
with the behavior of the image in hype¥pHoria. Right hyperphoria 
refers to the fact that the axis of they wht eye is high and not to the 


ie) 


image which is low. 

In applying the test for OK tear point it is evident that the 
parallel lines in the ey which the double prism is placed 
may lean instead of th ral line which belongs to the fellow eye. 
It will be less co to the observer if the double prism is 
alternately placed bètefe each eye, and the plus or minus cyclophoria 
is estimated wt ference to the middle line in each instance. 
The amo O leaning in the average patient is not considerable. 

+ 


If, how e patient complains of ocular fatigue, which cannot 
be ex d by ametropia or other forms of heterophoria, due con- 
‘ayn should be given to even moderate degrees of cyclophoria. 


es: 


| 
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Treatment. —As previously stated, the entire subject of cyclo- 
phoria is not as well understood as other forms of heterophoria. 
The treatment of the same is no exception to the rule. The student 
will encounter no difficulty in the management of the accommoda- 
tive variety. Correct refraction is the-sine qua non in this group, 
as it is in all forms of heterophoria. A careful study of the patient’s 


. needs in the correction of the total astigmatism and accurate place- 


ment of the axes is the first essential. If wholly accommodative, 
a proper refractive correction should relieve all symptoms. If 
cyclophoria continues, such leaning of the images and persistence 
of symptoms must be attributed to “essential” factors. At this 
point the difficulties in treatment begin. 

Influence of Hyperphoria.—The second step in the management 
of cyclophoria is careful correction of hyperphoria. Inasmuch as 
these cases are an unusual group, the state of the muscle balance 
should be determined after prolonged occlusion of one eye, so as 
to insure perfect disassociation of the two eyes when the muscle 
balance is determined. It is the author’s belief that in these cases 
practically the-entire minimum amount of hyperphoria so uncoy- 
ered should be corrected by suitable prisms. By the “minimum” 
is meant the minimum level either for distance or for the near-point, 
when the hyperphoria is unequal. A proper ametropic and a full 
hyperphoric correction will reduce to a minimum the number of 
eyclophorics needing further attention. 

Exercise of the Obliques.—In selecting metho MO cia the 
dynamic power of ocular muscle action, th 
tised daily by the patient in his own hom 
Unless such exercises can be applied regularity, one cannot 
hope to obtain relief. renlS ore, which is conducted 
wholly in the surgeon’s office, is gptøresult in failure, even though 
the method per se is an ideal o The best results will be obtained 
by a combination of both Q of training, home exercises and 
office methods which are ed out under the direct supervision 
of the oculist. 

The clinoscope of 


ich can be prac- 
Inise the best results. 


Ws is well adapted for office use, but largely 
impracticable few offices are equipped with this instru- 
ment. Diametedisks are employed and the disks are rotated in 
such a oa as to require the action of either the superior or 
or inferi S as the individual case may require. 
Noaren (Fig. 66), as devised by Savage, is more 
pra AN Tt is operated in a manner similar to that of the clino- 
ye As a substitute for the cyclophorometer, an ordinary 
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phorometer may be used if it is provided with a spirit level and 
two Maddox rods accurately placed in the lens cells. ‘They should 
be mounted vertically. A displacing prism is not employed. The 
two lines are fused and the rod before the cyclophoric eye is gradu- 
ally rotated out or in as required after the method of measuring 
plus or minus cycloduction. Savage advises a rotation of not 
more than one-half the plus or minus cycloducting power of the 
eye. The rod is moved alternately in the direction which will 
exercise the muscle and back to zero or position of rest. For 
exercising the superior obliques the rods should be moved in the 
lower temporal ares. Moving them in the lower nasal ares in turn 
tends to strengthen the inferior obliques. The exercises should be 
continued for periods of ten minutes daily, but should never be 
pushed to the point of fatigue. 

Utilizing the same principle, the author has experimented satis- 
factorily with two movable circles on a stereoscopic card placed in 
the stereoscope. By a rotating screw placed on the back of each 
circle, the vertical diameter of one circle may be rotated against 
that of the other. The device has the advantage of enabling the 
patient to practise daily at home. 


Fre. 69.—Savage’s method of a exercise in cyclophoria. 


Exercise Cylinders.— Ex cylinders, as recommended by 
Savage, may be used ky atient at home with good results. 
Cylinders ranging fro N .50 D to +1.50 D are placed in a spe- 
cially constructed qa, as shown in Fig. 69, for weakness of the 
superior obliques. “he marks on the rims are 15 degrees apart— 
from 90 to 45 ees in the right and from 90 to 135 degrees in the 
left. The QS are revolved in the frames to notch No. 2, and a 
horizo e, 8 to 10 feet distant, is fixed for three seconds. The 
same NY alternately fixed with and without the lenses for three- 
ON) periods, the entire exercise continuing for about five minutes. 


` more than likely that much time and inconveni 
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The lenses are then moved to the third notch and the exercises are 
continued. 

If the inferior obliques are weak the lenses are rotated similarly 
as above, but in the direction of the lower nasal quadrants. Care 
should be observed, according to Savage, to work longest at the 
first and second notches, and only for short periods when the 
third or maximum exercise notch is reached. 

The same author has recommended the use of weak rest cylinders, 
+0.50 D. For insufficiency of the superior obliques, plus cyclo- 
phoria, the cylinder is placed between 90 and 135 degrees in the 
right and between 90 and 45 degrees in the left. These cylinders 
were used by Savage in non-astigmatic cases. In astigmatic 
patients the cylinder is moved in a similar direction, but-to a mod- 
erate extent, about 5 degrees in cylinders of about 1 diopter. In 
either instance this author claims to have given much relief to his 
patients. The fallacy of the method lies in the fact that such dis- 
placement tends to blur the images, and after all, is but a “rest” 
for the obliques. Nothing is gained in the way of adding strength 
to the muscles. As Savage adds, “It is better to make the 
muscles strong by exercise or else correct the cyclophoria by oper- 
ating on one or more of the recti.” This summary by Savage 
harmonizes with the convictions of others who have made an 
extended study of cyclophoria. In fact, in all but the “accommo- 
dative group,” due for the most part to oblique ecm, it is 
to the patient 
ry surgical meas- 
inced and demand 


can be saved by proceeding to the more satis 
ures if the cyclophoric symptoms are p 
treatment. X$ 

Operative Treatment.— The recti | 
surgical intervention than do ER ies. In fact, inaccessibility 
of the obliques is a good surgic ason for a “let alone” policy, 
insofar as these muscles are æpncerned. Because of the precision 
with which a change in th¢QOsition of the eyeball may be affected 
by altering the attac ets the recti, surgery is logically limited 
to this group. Sav NY disposed to confine his surgery to the 
vertical recti; St referred a change in the attachments of the 
external and inte?r4l recti. 

Plus cyclo ia, insufficiency of the superior oblique, may be 
corrected enotomy of the nasal fibers of the superior rectus or 
ing the nasal side of the inferior rectus. Stevens secured 


mselves more readily to 


ws 
the $ results by advancing the upper border and receding the 
infeyior border of the internal rectus. In choosing between the two 
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methods, the surgeon should give consideration to the fact that in 
changing the attachment of the vertical recti, the normal action of 
the muscle is increased, or diminished. Furthermore, it is logical 
to readjust the ratio of power between two synergistic muscles, 
when one is under-acting. Shifting the attachment of the internal 
rectus adds an additional function to a muscle which normally is 
only an internal rotator. In uncomplicated cyclophoria the prefer- 
ence should be given to the vertical recti. 

Minus ecyclophoria is corrected by a division of the temporal 
fibers of the superior rectus or by an advancement of the temporal 
fibers of the inferior rectus. Similarly the lower border of the 
internal rectus may be advanced and the upper fibers set further 
back. 

The presence of hyperphoria, esophoria, or exophoria, with cyclo- 
phoria will have a determining influence in the choice of operation. 
A coéxisting hyperphoria with plus eyclophoria would be favorably 
influenced by tenotomy of the inner border of the superior rectus. 
If esophoria or exophoria is a complicating condition surgery should 
be directed to the internal or external rectus. Before undertaking 
any surgical measure the operator will do well to weigh the evidence 
carefully and select a constructive procedure. To this end he may 
elect to do an advancement of the outer fibers of the superior rectus 


instead of tenotomy of the nasal fibers. 
In the rare instances in which there is a coexisting XX e hyper- 
phoria or a double hypophoria, according to SAPP N one may 


favorably influence these conditions by rae of the 
superior recti in the former and the eo, 
Whether the cyclophoria is plus or mir ce 


ti in the latter. 
] determine which 
vanced. 


border of the recti shall be tenotomize 


PAR PAET 
HETEROTROPIA OR CONCOMITANT SQUINT’ 


In keeping with the nomenclature employed in the sections of 


Part II, heterotropia is the generic term under which will be included | 


all forms of concomitant squint, in contradistinction to paralytic 
squint. Squint and strabismus are synonymous terms, more fre- 
quently employed than that of heterotropia, and they will be used 
in this text for greater simplification. 


BINOCULAR VISION. 


The extensive over-lapping of the visual fields in man implies 
also binocular vision of a high degree. In order that this may be 
accomplished, it is essential first that corresponding retinal points 
shall be so placed that impressions carried to the bape be the 
same, and the two impressions, therefore, will De Sse as one. 
Second, a fusion faculty becomes a necessity, w} Kht which single 
binocular vision is difficult to understand. rO of either of 
these important functions of the eyes ne t necessarily result 
in manifest squint, but single binocular Ne) å implies that both are 
present. When fusion is absent or re the conjugate action 
of the ocular muscles may be so Ke ully preserved that the eyes 
may remain in parallelism. Mofe»d ten manifest squint makes its 
appearance. On the other Ory, as observed in heterophoria, if 
the fusion faculty is str nd elastic, although corresponding 
retinal points may non ertectly codrdinated or placed so as to 
receive exactly the, s impression, single binocular vision may 
nevertheless be fgaiftained. Confirmation of this fact may be 
found in placing,in a stereoscope the diagrams A and B of Fig. 70. 

Although 4 factors may enter into the causation of squint, 
the statę fusion faculty is an important determining element. 


1 Tx SS avoid the necessity of reduplication, it will be assumed that the reader 
will reo his memory on the anatomy and physiology of the ocular muscles in 


PaxrtY, before beginning the study of concomitant squint. 
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No better classification of the degree of fusion, has been given than 
that of Claude Worth:' (1) Simultaneous macular perception; - 
(2) true fusion with some amplitude; (3) a sense of perspective. 
In the first group images exactly alike may be so superimposed that 
no sense of diplopia will be present, but there will be no amplitude. 
In this group each eye can perceive at the same time the images 
which are placed before them, but there may be no effort made to 
fuse them into one. For example, F and L will be recognized as 
the objects placed in the stereoscope, but no attempt will be made 
to fuse the two letters with the formation of Æ. In the second 
group there is true fusion with some elasticity. The F and L can 
be fused into Æ. Amplitude is shown by the ability of the patient 
to change the angle of the tubes to a limited extent and still maintain 
the Æ. In the third grade a sense of depth is added to fusion. 


A B C 


Fic. 70.—The horizontal lines will be fused and seen in CLs A and B. The 
vertical lines, although oblique, will be psychically fuselnd seen as in C. 


The third degree of fusion is demonstr y the ability of the 
patient to fuse images in which the pringyp\ot Mr. Berry is incorpo- 
rated. The inner circles in Fig. 85 į aced toward one another 
produce the sense of relief; if ae td away from one another 
or toward the outer rims of th ge circles, a sense of depth is 
obtained.2 The patient PAC for example, whether a tub is 
placed top up or bottom © n the first group the fusion faculty 
is wholly absent or s de oped that it rarely becomes possible 
to develop it into a SNiusion faculty. Those, however, who are 
grouped in the son grade, showing true fusion with some ampli- 
tude, as a rule cane trained by the amblyoscope or stereoscope to 
develop a seps@f depth and relief. The importance of this classi- 


1 Squat Oy. ed., p. 12. 

2 TON nge in the position of the inner circles can be effected in the amblyo- 
scope Dy Shifting the cards from one tube to the other. In the stereoscope, Wells’ 
PS in which this principle is incorporated, may be employed. 
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fication will be appreciated as the etiology of the various forms of 
concomitant squint is developed, and its even greater importance 
will force itself upon the student in the discussion of treatment. 


DEVELOPMENT OF THE FUSION FACULTY. 


The fusion faculty, fusion sense, or fusion center, as it is variously 
called, if present at all, asserts itself early in an infant’s life. As 
pointed out by Worth, the fixation reflex, macular vision, and a fairly 
normal vertical muscular balance are present at birth. Shortly after 
birth the infant can fix for a moment upon a bright light if the room 
is fairly dark. Either eye may fix, or accidentally both may seem 
to be attracted by the light for the moment, but the eyes will soon 
wander. The faculty grows in strength and the eyes for the most 
part are in parallelism during the first year. Even in a normal 
child, however, there may be frequent lapses when the eyes may be 
observed to deviate inward and occasionally outward. These lapses 
are observed during attacks of crying from slight pain, as in colic, or 
when the infant is below par in health. They are normal lapses to 
which the term “‘occasional” squint may be applied. These occa- 
sional or periodic attacks of squint should be clearly differentiated 
from “incipient squint,” a form which may also be designated as 
““premonitory squint,” in which the same eye frequently ig observed 
to turn in or out. A 

At the end of a year the fusion faculty is fairly established 
in the average normal child. Just when fusion thes its highest 
degree of development is not definitely kogy It is generally 
agreed, however, that a defective fusion f © may be trained up 
to the seventh year (Worth). The any as been able to train 
weak fusion in patients as old as eigltțe LSB dae A schoolboy, aged 
eighteen years, now under the a ’s care, has had his fusion 
restored to normal after operpsi by daily exercises with the 
stereoscope.! It is not unusu find children of twelve to fourteen 
years of age respond prop tg similar treatment after successfully 
performed advancemer md resections. The fact remains, how- 
ever, that one, as , meets with more successes in training a 
defective fusion fa@etty if the training is instituted before the 
seventh year. 

At this pett)it is well to state definitely a matter which does 


eat 
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operation, is reported by Dr. Otis Wolfe (Am. Jour. Ophthal., vol. 


A Se forty-six years, in which fusion was restored by stereoscopic 
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not seem to be thoroughly grasped by all in the profession. The 
stereoscope is of no value in training fusion in squint, unless the degree 
of deviation is very slight. If there is a manifest squint present the 
stereoscope should be replaced by the amblyoscope or the Priestley 
Smith fusion tubes in order that the stereoscopic pictures can be 
placed within the reach of the fusion faculty. This can be done 
by inclining the tubes to correspond to the angle of squint.! After 
operation, if the eyes are brought to parallelism, the stereoscope 
may be used. The stereoscope can only be of service when the 
fusion breadth is equal to or greater than the diplopia breadth. 


ESOTROPIA OR CONVERGENT SQUINT. 


The several types of concomitant squint to be studied have in 
common many points of interest in etiology, methods of study and 
correction. Each, however, will be better understood by an indi- 
vidual study rather than by a collective one. 

Esotropia is manifested by the turning in of the visual axis of one 
eye. While one eye fixes upon an object, the other, or squinting 
eye, is directed inward, and in so doing crosses the visual line of the 
fixing eye at a point between the object of fixation and the eye. 
This is not the only sign or symptom of the condition, but the one 
which is apparent and which gives character to the form of squint 
under discussion. Associated with it, there may bgxad defective or 
absent fusion faculty, a refractive error of v g?degree and 
character, suppression of the image of the nting eye, and 
amblyopia, congenital or acquired as the feSult of disuse. The 
squint may be constantly present in same eye, monocular 
squint, or alternating in type, altgw g squint. Furthermore, 
whether monocular or wiper ts gree of squint represents 


the deviation of both eyes manifegted in the convergent eye. A 
final characteristic is the angle W# deviation, which remains practi- 
cally the same as the eye @ rotated from extreme right to the 
extreme left. The rota eeption to this rule will be referred to 
under the discussion % elds of rotation.” It is this character- 
istic of esotropi QÀ so readily distinguishes it from paralytic 
squint, in which) angle of deviation increases as the eyes are 
rotated tow the field of action of the paralyzed muscle. A 
second exc >, occurs when fixation is suddenly carried from a 
distant to a near-point. In this instance the squinting eye 


1 NY angle of squint is approximately corrected by loose prisms placed in the 
A this instrument may be substituted for the amblyoscope, 
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may tend to turn in excessively because of the necessary relation 
between accommodation and convergence. 

Classification of Esotropia.— The clinical types of convergent squint 
are: (1) Occasional; (2) incipient or premonitory; (3) constant or 
established squint. 

Occasional esotropia, called by Worth spurious squint of infants, 
is the squint which may be observed in normal infants during the 
first three or four months of life. It may be observed when the 
child is disturbed by pain from gastric or other disorders. It is 
fleeting in character and does not deserve special consideration. 

Incipient, or premonitory squint, occurs at the same period of life 
or throughout the first year. It is more frequent in its recurrence, 
persists for more than a moment and often is found to recur in the 
same eye. When convergence of this character is observed after 
the child is three months of age, the patient should be under constant 
observation until one is definitely sure that it is a real forerunner 
of either type to be considered. As a rule, if the onset of permanent 
squint is sudden, following one of the precipitating factors which 
will be discussed, the incipient or premonitory character of the 
squint is definitely determined. If it proves to be of the occasional 
type, all traces of deviation disappear with the development of the 
fusion faculty. 

Permanent or established squint is either monocular or alternating. 

Monocular Esotropia.— Because of the fact that R always 
represents the deviation of both eyes, but is appar ly in one, 
objections have been raised to the use of the FEAN cular squint. 
It is, however, so satisfying in expressing the of squint in con- 
trast to the alternating type, that there see be no good reason 
why the term should be discarded. 4 ant squint,” a term 
occasionally used, does not expresg,t ondition because most 
squints are constant. It is, howe K of the condition 
as opposed to-alternating. The Lò) monocular will, therefore, be 
used in this treatise. The we will understand that the term 
implies nothing more th the same eye invariably squints, 
while the other eye cone y maintains fixation. When the cover 
test is applied and ing eye is occluded, the squinting eye, if 


not amblyopic, wilN&&K. When the cover is now removed the 
squinting eye continue to hold fixation for an appreciable 
time. More , the squinting eye will turn to its original posi- 


tion and onstantly fixing eye will again fix. In the first 
instanc monocular character of the squint can be determined 
by observing the patient closely. Preference will usually be shown 
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by the patient to fix uniformly with the same eye. If any doubt 
exists it usually can be determined by studying the refractive error 
and the state of the fusion faculty. As a rule, the patient will fix 
with the eye which possesses the better vision. If the fusion faculty 
is present, but undeveloped, the form of squint usually found is of 
the monocular type. If the fusion faeulty is totally absent, and 
visual acuity is about the same in each eye, the type of squint, as 
a rule, is alternating. 

Alternating Squint.—In the alternating type the patient is able to 
use either eye and, as a rule, does not give preference to either one. 
It is a form of squint which is apt to begin in the first or second 
year. The refractive error is often negligible, rarely of a high 
degree, and anisometropia is not in evidence. Visual acuity is 
about the same in each eye, or if a refractive error is present the 
vision is correctable to the same degree of efficiency. An import- 
ant characteristic of this form of convergent esotropia is absence 
of a fusion faculty. One notes from time to time in the literature 
that fusion has been developed by assiduous practice on the part 
of the patient. It is entirely within the range of possibilities that 
a defective fusion faculty may be present in true alternating squint, 
and if present it may be developed. In the author’s experience this 
rarely occurs. 

Occasionally a squint which began as an alternating type finally 
becomes a monocular one—the patient for some aXe electing 
consciously or subconsciously to fix at all times & the same eye. 
If this transition takes place in late childhoo kparly adolescence 
amblyopia, which is so apt to occur in the monocular types, 
does not develop. O 

Excepting under the condition jys Pion, or in the event 
of a macular lesion, which may. e novo, amblyopia is not 
present in alternating type. It% but natural to expect that this 
should be so, because the cont use of either eye at will or 
automatically does not ond the deterioration of macular vision. 


OCULAR ESOTROPIA. 


Monocular add Aerating types of squint are so definite in 
their special Giglogy, characteristics and treatment, that they will 
be discuss@tywparately. 

Eti RA A fusion faculty is always present but, as a rule, unde- 
slag The author does not feel that it is necessary to defend 


hia position in assuming that the state of the fusion faculty is the 
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important etiological factor in concomitant squint. Those who 
doubt that this position is tenable are respectfully referred to 
Worth’s excellent treatise on Squint (fourth edition, p. 59). If a 
careful study of squint and its relation to the state of the fusion 
faculty is not convincing, Worth has set forth the reason for his 
belief in definite language, which should be read with care and 
applied to one’s every-day experiences. 

In monocular squint, if amblyopia is not of such a degree as to 
prevent its demonstration, a fusion faculty is found present in 
practically all cases. It may be quite defective, but patience in 
the use of the amblyoscope usually is rewarded by the finding of 
Worth’s second degree of fusion, even though it is rudimentary. 
In the author’s experience, if present, it can be developed. 

Refractive Errors.—The refractive error is of much importance. 
The error, as a rule, is rather high. In the earlier years of a child’s 
life this in itself may not be sufficient to bring about squint if the 
fusion faculty is of average development. When, however, the 
child begins to spend much time at close range, in school or in the 
ordinary plays and entertainment common to children of four or 
five years, the increased accommodation necessary at the near- 
point, in the presence of 3 or 4 diopters of hypermetropia, tends to 
bring about an increased convergence. If the fusion faculty is 
normally developed this tendency to excessive convergenge may be 


overcome, but if the fusion faculty is not strong the efynetropia 
may be the active factor in precipitating squint. M children are 


born hyperopic. In view of this fact, one mustadgSume that some- 
thing other than hypermetropia is onee ose who develop 
squint, to distinguish them from the thou vaving equally high 
errors who do not. ‘This theory, oe s Donder’s theory, or 
the accommodative theory, based o elation of convergence to 
accommodation, might seem to Re in itself in certain 
cases to explain squint. Notajby are those cases which clear up 
and recover single binocular 1 after the hypermetropic error is 
corrected by suitable a sufficiently early period. The 
author has on his recoy number of these cases. One is that of 
Mrs. M., who has Cy ergent squint of about 20 degrees. When 
nwcorrection of: 


her glasses are K 
DAEN 
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the squ œD disappears only to return whenever the glasses 
are S ed. Her fusion faculty is good. In this instance the 
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squint must be explained by the relation of convergence to accom- 
modation. These cases, however, are isolated and few when com- 
pared with the large number of cases which one sees in a busy 
practice. In many instances, with high hyperopic errors, the angle 
of squint is lessened by the wearing of glasses, but the total squint 
is not corrected. In fact, in a majority of these cases even training 
of the fusion faculty will not restore the eyes to parallelism. The’ 
reason is evident. The images are beyond the breadth of fusion. 
Correcting the hypermetropia reduces the squint to the extent of 
the meter angle of convergence commensurate with the degree of 
hypermetropia corrected, but the fusion faculty cannot fuse the 
images because they are beyond the reach of fusion. If the squint 
in these cases is corrected to within reach of the fusion faculty 
by means of an operation, the fusion faculty completes the cure. 
In other instances the hypermetropic error is insufficient to be 
even active in the production of squint, or the error may be one 
of myopia, but squint nevertheless appears. The student will do 
well to regard the refractive error as an important factor in many 
cases, and perhaps the dominant factor in some, but he should 
study each case in its relation to a defective fusion faculty. In a 
majority of instances the squint is the direct result of a defective 
fusion faculty, accompanied by a high hyperopic error. 
Anisometropia.— Anisometropia, or an unequal refractive error, 
is frequently observed in unilateral esotropia. Ite not difficult 
to understand why the better seeing eye shoul me the fixing 
eye, when vision is reduced in one by a higher, ee of hyperopia. 
The fact remains, however, that anisome is not of unusual 
occurrence, and that only a limited numb these patients become 
squinters. The accommodative tl annot explain this fact. 
When one reviews his case histories} Observes the large number 
of cases of unequal refractive “ae on his books, with normal or 
nearly normal muscle balanc is forced to the conclusion that 
the fusion faculty in those quint, with this refractive condition 
present, is not sufficient ng to hold the eyes in parallelism and 
squint follows. NS . 
The relation (ometropia to amblyopia exanopsia is easily 
comprehended. Fision in one eye is good, and high hypermetropia 
renders the hor insensitive, amblyopia becomes assured unless a 
normal fus(} faculty can hold the two eyes in fixation. Aniso- 
PES Se should be regarded as an important factor in 


the Pitation of esotropia if the fusion faculty is not properly 


A It should also be regarded as a cause of the monocular 
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type of squint, and as a large contributing factor in the development 
and amblyopia from disuse. 

Muscle Theory of Squint.—The so-called muscle theory of squint 
scarcely needs consideration. Originally the theory attracted 
many adherents. From the number of tenotomies which were 
performed in the past, and the number which the author regrets 
to say are performed even today to correct convergent esotropia, 
there may be a greater number of advocates even now than we 
are willing to concede. It is true that muscle abnormalities, 
undeveloped muscles, abnormal attachments and origins, and 
muscle (external recti) injuries in childbirth and otherwise, may 
occasionally be found as a factor in the formation of squint. All 
but those due to injury are exceedingly rare and enter into compara- 
tively few cases as an etiological factor. They should, however, 
be regarded as occasional causes. 

Injury to the external rectus during childbirth is of common 
occurrence. Gifford! has devoted many pages to the discussion of 
paralysis and paresis of the external rectus in its relation to child- 
birth injuries. This condition, however, should not be regarded as 
a cause of concomitant esotropia, but of paralytic squint. One of 
our modern text-books on the ocular muscles includes “congenital 
palsies” of the external rectus and “obstetric injuries” in the etiol- 
ogy of concomitant esotropia. This inclusion oe in error, 
as both conditions are instances of paralytic nN 

Some of the older writers regarded the interni as au y short in 


convergent squint. The fact that squint may yppa entirely 


during sleep or profound anesthesia is sung idence that the 
theory is untenable. We would accord t KON anomalies a 
very small place in the etiology of any concomitant squint. 

Defective Outward Rotation.— This,&0 o often observed, is regarded 
by some as an indication that ew rectus is defective or 
weak. ‘This apparent weakness uld not be interpreted as a cause, 
but as an effect of a long-stan@g squint. It is an indication that 
some anatomical change fg taken place in the muscles and the 
capsule of Tenon, and_fyNeXternal rotation is not possible because 
of these changes. W found the degree of limitation directly 
in proportion to the dtfation of the squint. 

Heredity.— A tated important factor in the etiology of esotropia 
is that of hey . The squint itself is probably not bequeathed 


directly NS Arent to child, but no one can doubt that refractive J 


1 Am. Jour. Ophthal., February, 1926. 
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errors are so handed down. It is also probable that the same may 
be said of the fusion faculty. It is not unusual, therefore, to 
observe esotropia in a parent and in one or more of the children. 
Such a group of three children was under the author’s care recently, 
the mother also suffering from the same condition. Worth found 
hereditary influences in approximately 52 per cent of a series of 
711 cases studied from this standpoint. 

Precipitating Causes.—While the three great factors, namely, a 
defective fusion faculty, refractive errors and heredity, might be 
regarded as the predisposing causes of unilateral esotropia, there are 
other causes to be considered. These causes are of less importance 
to the physician, but have a certain precipitating influence which 
the layman stresses as the real cause of the condition. These 
factors are: (1) Profound mental shock or disturbance occasioned 
by sudden fright or fear; many parents have given as the cause 
“frightened by a dog,” great fear occasioned by the sudden appear- 
ance of anything which might frighten a child in its tender years. 
(2) Children are often reported to come out of a convulsive seizure 
with manifest squint, which has remained and become permanent. 
(3) Squint has been reported to follow any of the diseases of child- 
hood, specific or contagious fevers, and especially measles and 
whooping-cough. Needless to say, any of these contributing fac- 
tors may play a role in the presence of one or all of the predisposing 
auses. Their action as precipitators should be capedQlly differenti- 
ated from the real predisposing causes. Witl defect in the 
fusion faculty, it is difficult to conceive of a e of the so-called 
contributing causes as sufficient to precipi permanent squint. 
These contributing causes, however, ar re frequently observed 
in monolateral squint than in t e alternating type. The 
latter often dates from birth oy s y after, whereas the mono- 
lateral type is more apt to ap between the second and fourth 
years of childhood. 

Amblyopia in Esotropra he subject of amblyopia is more fully 
discussed on page 182 ymptoms of Esotropia. At this point 
it is sufficient to oN at congenital amblyopia is rarely observed 
in squint. WhọrfÑałular pathology is evident with the ophthalmo- 
scope, such pat gy explains the existence of squint. The cause 
and effect neon is easily determined. In the more obscure cases 
in which @ e are no gross evidences of macular disturbance, it 


may hAafficult to determine whether an existing amblyopia is 
Sy or acquired. A careful study, however, of central vision 


col 
wh the central fields will help to make the differentiation. 


ay 
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Symptoms.— The most conspicuous symptom in monolateral eso- 
tropia is the deviation of one eye. In this variety of squint one 
notes that the same eye always turns in while the other eye always 
is used in fixation. ‘This is well exemplified by the cover test. ‘The 
test should be made at 6 meters. If the cover is suddenly removed 
from the good eye, the squinting eye fixing, the non-squinting eye 
immediately moves into position to fix. Occasionally if the refrac- 
tive error is moderate and amblyopia is absent, the squinting eye 
may remain in fixation temporarily. This does not, however, 
signify that one is dealing with an alternating type. The habitu- 
ally fixing eye very soon returns to fixation, and only an effort on 
the part of the patient, during the cover test, enables the squinting 
eye to hold fixation temporarily. A little observation by the 
physician will usually determine the fact that the patient invariably 
gives preference to one eye. 

One should also observe the behavior of the squinting eye at the 
near-point, or during dynamic convergence. ‘This is best observed 
by asking the patient to fix on a near object directly in line with 
the visual line when looking at infinity. During this act no move- 
ment will be observed in the fixing eye, but the squinting eye will 
be observed to turn in during the act of dynamic convergence. 
The increased convergence will represent the dynamic convergence 
of both eyes at this point. 

Ordinarily the angle of squint is regarded as constangi4he same. 
In a measure, this is a point of differentiation from pprMytic squint. 
It can be graphically observed in the dark roor one throws a 
light from an ophthalmoscope upon the cornes definite distance, 
say of 1 meter, first from the right side, th $m directly in front, 
and finally from the left of the pati ving the patient con- 
stantly fix his eye on the ophthalm ee the corneal reflexes will 
be observed in the same relative Rion on the corneæ from each 
of the three points of view. Tye gues for constancy. If, how- 
ever, the angle of squint is ved when the patient fixes at 6 
meters and again at oN sgi, a chance will be observed due 
to dynamic conver ERS 

There is anotherf@xseption which may be noted in most cases. 
This variation is du different states of health. When the child 
is well there ig Ke, if any, variation in the angle of squint, but 
most children tend to show some increase in the squint when 
rae Ue Ariations are not constant nor are they uniformly, the 
same. \Niey are innervational disturbances to which one does not 
attac Oy special significance. 
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Occasionally one sees a case of another type. Changes in the 
angle of squint occur frequently. At times the deviation is slight 
and almost absent. At other times, convergence of a high degree 
is observed. These children have unbalanced nervous systems. A 
similar analogous phenomenon is observed in a type of esophoria 
which has been described. Both conditions are difficult to correct. 
Stereoscopic training after operation in the esotropic variety does 
a great deal of good, as it also is the best form of training to relieve 
symptoms in esophoria. 

Growing Out of Squint.—In the management of squint it so often 
happens that the child is brought for treatment only when it is 
referred from school with a request that the eyes be properly cared 
for. The usual excuses for failure to bring the child earlier are 
two: Parents either declare the family physician advised against 
any treatment until the child is of school age, or they were advised 
to wait as the child may grow out of the squint. Aside from the 
fact that success in the management of squint depends largely 
upon the early institution of treatment, it is pertinent to ask “ Does 
the child grow out of a squint?” In the author’s experience, such 
a possibility is rare in cases of well-established strabismus. Squint 
of moderate degree has been known to disappear about the age of 
puberty in rare instances. In such cases the probabilities are that 
a fairly well-established fusion faculty saves the situation. It is 
alleged that the development of the orbit at this yyy assist in 
the curative process. The author has never bee lé to give any 
credit to this probability. At all events, t4 Qpntaneous cure of 
esotropia is of so rare an occurrence that it shd never be held out to 
the parents as even a remote possibility. the contrary, delay in 
the adoption of corrective measure ROE greatest obstacle in the 
way of perfect cures. C) 

Amblyopia Pe aN is of frequent occurrence in 
monocular esotropia. In fact is largely confined to this form 
of concomitant squint. I not present in the alternating type, 
and but rarely in T It is, therefore, quite in order to 
discuss it at this FAN 

If one “ie cases in which definite macular pathology 


is evident, con al amblyopia can be said to be rare. In the 


author’s ex at oie a few squinters have been observed with 


congenital yopia. ‘These instances were in patients in which 
the hietQry at least indicated squint of too recent origin to have 
acd eS G opia after the appearance of the squint. As the 
Ne of amblyopia was moderate, it was assumed that in all 
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probability the amblyopia was congenital rather than acquired. 
One, however, has no assurance that such is the case. 

Worth found few cases of congenital amblyopia, with visual 
acuity lower than 6/12 and in his group he found none having 
vision lower than 6/60. In the acquired form, on the other hand, 
central vision falls much lower, and few, if untreated, are observed 
with visual acuity of more than 6/15. Furthermore, in amblyopia 
exanopsia, retinal sensitivity is disturbed for a considerable dis- 
tance beyond the macular region. Worth believes that the blind 
area In some instances extends 15 to 20 degrees around the point 
of fixation, an area in which only light sense may be present. The 
extent of this relative scotoma is largely responsible for the diffi- 
culty which one encounters in some instances in obtaining fixation. 
While profound central visual loss is directly responsible for lost 
fixation, there are instances in which the patient can scarcely make 
the attempt to bring the squinting eye to fix. In these instances 
the extent of the scotoma is an important factor. In the author’s 
experience the blind areas in amblyopia exanopsia do not extend 
more than from 5 to 7 degrees toward the nasal side of the point of 
fixation. Above and below the point of fixation the amblyopic 
area may be greater than to the nasal side. The scotoma reaches 
its greatest limits toward the blind spot of Mariotte, and in a few 
instances is continuous with the normal blind spot. If the central 
scotoma is not continuous with the normal blind spot ky latter, in 
practically all cases, is absolutely and relatively e Ne In the 
field studies submitted (Figs. 71 to 74) the ext the scotoma 
is more or less directly related to the durati the amblyopia. 
The same may be said of central vision. @) 

The few cases in which the scotoma iş -central, including the 
blind spot and central fixation, raige nteresting question as to 
the nature of amblyopia exanopsia. She following facts are evident: 
(1) The amblyopia extends beySad the papillo-macular bundle; 
(2) the scotoma reaches its est extent in the direction of the 
blind spot; (8) it is a relagiweJgrea, indistinct for white and never 
definitely absolute eve central vision is very low (light sense 
is preserved); (4) i D) een shown in recent studies that treat- 
ment improves ev e most profound cases, although the degree 
of improvemert@epends upon the duration of the scotoma, the age 
of the meee the degree of central visual acuity; (5) peripheral 


fields in. thé lyopic eye are smaller than the fields of the fixing 


eye. \S 
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Fias. 71 to 74.—Types of central field defects in amblyopia exanopsia. 


In view of the studies which are as yet incomplete, the author 
does not feel definitely committed to the exact character of the 
scotoma, but the above facts seem to confirm the existi 
the scotoma is the result of disuse. It is caused by, squint and 
not the cause of the deviation, as claimed by so ‘ 

Aside from the monolateral character of ain in which 
amblyopia exanopsia is found, the phenomégs is especially apt to 
develop in two types of esotropia. T t type is accompanied 
by anisometropia and the second O degrees of hyperopia. 
Either condition tends to a rapid lopment of profound ambly- 
opia. If the refractive error is ngfigible or of moderate degree, 
even though the squint is oo amblyopia is less likely to 


develop. 
The question natura ses, To what extent can either form 
of amblyopia be T d by suitable training? Little, if any, 


improvement is o red from energetic training in congenital 
amblyopia. Im @ablyopia exanopsia much may be accomplished. 
This phase of tment will be thoroughly discussed in the section 
devoted 4 atment. It is pertinent to add at this time that 
BANS even improvement depends upon: (1) The degree of 
AA ; (2) the age at which treatment is begun; (3) the absence 
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of organic macular pathology, even though it may not be visible 
by means of the ophthalmoscope. Failure to improve the vision 
of an amblyopic eye in young children up to seven or eight years 
of age, in the author’s experience, arouses a suspicion of organic 
macular disturbance as the cause of the amblyopia and a factor in 
the production of the squint. Furthermore, in the rational treat- 
ment of squint two conditions decide the question as to whether 
single binocular vision may be restored or cosmetic results alone 
may be obtained. These conditions are: (1) The presence or 
absence of a fusion faculty; and (2) the presence or absence of 
amblyopia. These two barriers form an impasse which make single 
binocular vision impossible. The student, therefore, will do well 
to give his closest attention especially to the latter. In the author’s 
experience, amblyopia exanopsia is the barrier which is seen most 
frequently as a cause of failure. At the same time, it is largely 
preventable and correctable and, therefore, calls for special con- 
sideration. 

False Macula.—As the angle of squint is rather uniformly main- 
tained, the extra-macular point in the retina of the squinting eye, 
which receives the same impressions as the macula of the fixing 
eye, may become more than usually active and sensitive by constant 
use. It can manifestly not become more acutely sensitive than the 
rod and cone elements with which it is supplied and hence cannot 
develop vision of much acuity. Its constant actiyafy may, how- 
ever, render it more alert and after operation the a¥ be a phan- 
tom shadow which occasionally annoys patient Cr is is fleeting in 
character, and need not be considered in rative interference. 
While the squint lasts it cannot be said t corresponding retinal 
point with the macula of the TOS. The two points are 


not so connected as to register the age in the cortical cells. 


Its insensitivity does not make Ra competing factor with the true 


macula of either eye. A more kofrect view of the so-called “false 
macula” is, it is a purely p Pic phenomenon. 

Suppression of the Im the Squinting Eye.— Characteristic of 
any form of concomi uint is absence of diplopia. In this it is 
unlike the annoy} ptom of diplopia encountered in paralytic 
squint. Suppreskjop of the images of the squinting eye is the expla- 
nation. This@pplies to macular vision as well as to peripheral. 
The patien} rarely complain of diplopia. It may be brought 
into exds e by placing a red glass before either eye. A differ- 
enc NY color of the images may enable the patient to see both. 
In çertain patients, however, it is difficult to arouse diplopia even 


W ais method. 
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Although the patient has automatically learned to suppress the 
image of the squinting eye, one should not assume that the eye 
is to all intents blind. It must be recalled that in the binocular 
field of vision each eye has a zone of vision to the temporal side 
which finds no counterpart in the other eye. As these patients 
avoid accidents as others whose eyes are straight, there is a certain 
amount of activity in this zone at least which enters into the visual 
act. 


Fia. 75.—Binocular fields. (From Wilbrand and Saenger Forster.) 


The zones RS—RD and R’S-R’D (Fig. are independent 
zones, not having corresponding areas in t llow eye. In these 
areas one would not look for diplopia fex reason given. In the 
large zone, R D-R'S, every point s have a corresponding 
retinal point in the fellow eye. Fygten, however, is concerned only 
with a comparatively small areas shown in Fig. 76—an area 
approximately 3 degrees in vertical and laterally about 12 
degrees. This is the tru n area, according to Savage, or at 
least the fusion area is constantly in use and, therefore, 
active. In the ba Gd the binocular fields, because of physio- 
logical diplopia, rétipAl suppression is so usual that the average 
patient readily Gdjusts himself to the altered relations brought 
about by the Mation of the squint. 

Suppregsiow of vision is sufficient to prevent interference, but one 
cannon that the retina of this eye is totally inactive. The 
avoidante of accidents and the ability to catch moving objects to 
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the side of the squinting eye is evidence of retinal activity, dis- 
associated but in some way properly correlated with the dominant 
vision of the other eye. 


Fig. 76.—Fields of binocular fusion, A D B C as suggested by Savage. 


Lost Fixation.—In high degrees of acquired amblyopia of long 
standing the patient may at least in part lose the power of fixation. 
This is in direct relation to the degree and the duration of visual 
loss. As previously pointed out, the author believes that the extent 
of the amblyopic area is also an important factor. If the squint 
remains uncorrected no improvement can be expected. It is 
possible, however, by the methods employed to correct the ambly- 
opia, to restore fixation to a remarkable degree. Thas\phase will be 
discussed fully in the section on ‘Treatment. 

Limitation in External Rotation.—In esotr f long standing 
there occasionally is limitation in externa tion. This fact is 
possibly one of the reasons which led to bakes n the muscular theory 
of the origin of squint. It should rved that this limitation 
is only observed in cases of long Sagding. The reasons for the 
same are to be found in the an ical changes which must neces- 
sarily develop in the muscles, Capsule and check ligaments of the 
squinting eye. Similar more marked muscle and capsule 
changes are observed J ytic squint of long standing. There 
is this difference, hoWAver, that marked contractures develop in 
the opponent of preQgralyzed muscle, and these contractions result 
in permanent orgapéc cellular and fibrillar changes of a high degree. 
As a means’ {AJ ifferentiation, the fields of rotation serve a useful 
purpose. S squint of the external rectus there is a dis- 
tinct indkrtation at the center of the temporal contraction in the 
hori OY ] meridian. The obliques, being intact, are capable of a 
A More temporal pull than is the external rectus. The temporal 
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vill, therefore, differ 
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temporal rotation of esotropia, as shown in 
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Studies to be Made in Monocular Esotropia.—One cannot hope to 
obtain satisfactory results in the management of monocular squint 
without a thorough and exhaustive study. It is the type of squint 
most frequently encountered and, if properly managed, yields a 
higher percentage of cures than any other form. 

History of the Case.—The age of the patient when squint first 
appeared should be carefully determined. Was it gradual or sudden 
in onset? Was it preceded by a period of premonitory squint, or 
did it follow any of the precipitating factors mentioned? Is it 
constant in character or are there periods of variation? These are 
some of the questions which should be asked. 

Heredity.—In studying the history for hereditary tendencies, it is 
of interest not only to determine the number of cases in the family, 
but when possible a knowledge of the dominating refractive error. 
Does myopia or hyperopia predominate? 

Treatment.— Treatment, if any, which the patient has received is 
of much importance. In the early treatment of esotropia correction 
of the refractive error and training to prevent or correct acquired 
amblyopia are the two phases which claim our attention. What, 
therefore, has been done in this direction is of the utmost importance. 

Study of Central Vision.—Central vision in each eye should be 
carefully determined at the earliest possible moment. In children 
under school age, from two and a half to six years, Reber’s test 
chart is the most satisfactory. Although the figur this chart 
do not all conform to the requirements of the en test type, 
based on a five-minute angle, it is sufficientl rate to furnish 
satisfactory acuity values. In the case ofatnger children who 
are shy and unfamiliar with the a he chart, the author 


instructs the parents to purchase on ese charts for home use. 


child is taught the names of ea home. After a few weeks of 
this study the author has foupg éVen young children will give very 
satisfactory answers. To ine whether amblyopia is present, 
one may resort to Wer Wory balls. In lieu of them, white 
marbles of varying si ay be substituted or even bits of squares 

? he’ dropped on the floor. With the fixing eye 


The pictures are cut into squares 5 4 kindergarten methods the 


+8 asked to pick up the bits, while the physician 

observes aG child can accurately locate the bits of paper. 

If the chil © school age the regular Snellen test chart should be 
used. .& A 

On NY in many hospital records such notations for vision as 

Aoine “illiterate,” “vision not obtainable.” The state of 
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vision is the first important point to be determined unless one is 
dealing with an infant in arms. Every means should be exhausted 
to learn, if possible, whether amblyopia has developed. 


Hansell and P. Blakistons’ Sons Co.) 


Fic. 79.—Reber’s object or kindergarten test-card. (Courtesy Ran F. 


Power of Fixation.— Ability to fix is determiyredsby the cover test 
if the child is old enough to engage in atteaiohn. If too young, a 
ready means of determining the power Oi on is that of throwing 
the light from an ophthalmoscope a e eye, each eye being 
alternately occluded. The bright ligy sually insures the attention 


of the child, if fixation is possib 
Character of the Esotropia ‘ the same measures one can 


observe whether the eso te) unilateral or alternating in char- 
acter. In the cover t Ni right eye, for example, should be 
covered and ees 3 ‘hile the child fixes at a point 6 meters 
distant. This wi ermine the child’s ability to fix with the 
right eye. The’sgfe test is now carried to the left eye in the same 
manner. If atient continues to fix with either eye for a period 
as both ANN covered, the condition is probably one of alternating 
esotropia bùt not conclusively so. Further tests and observations 
shouldbe made to learn whether the child habitually gives prefer- 
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ence to one eye. In this, the statements of the parents and the 
careful scrutiny of the surgeon, while the child is under observation, 
will assist in arriving at the proper conclusion. Although the child 
may fix for a period with either eye, following the cover test, its 
habitual behavior will determine whether it is a unilateral or alter- 
nating squint. 

If during the cover test the same eye always returns to fixation 
as both eyes are uncovered, the case is one of the monocular type. 
In young children the test by an ophthalmoscopic mirror will, in 
most instances, classify the esotropia. 

Paralytic or Concomitant Esotropia.—In this differentiation the 
history of onset should be of first consideration. 

Second, limitation of movement, as the eyes are engaged in atten- 
tion, and the fixation object is moved from side to side, is, as a rule, 
definite and differentiating. In paralytic squint there is limitation 
of movement when the paralytic eye is carried in the direction of 
the paralyzed muscle. If the squint is concomitant, there is, as a 
rule, full lateral excursion as indicated by the corne reaching the 
outer and inner canthi. If any doubt exists the dark-room experi- 
ment is more refined. Light is thrown upon each cornea by means 
of an ophthalmoscopiec mirror, first from the right side and then 
from the left of the patient, engaging his attention. If either eye 
fails to respond fully, a change in the angle of squint, will be noted, 
as indicated by the position of the corneal reflex wxh reference to 
the pupillary center. 

Angle Kappa.—As a rule, the presence 0 Cnc of the angle 
kappa is ignored. A positive angle kap e visual line to the 
inner side of the pupillary center in utshed ular fixation, tends to 
seemingly decrease the angle of tl ropia. A negative kappa, 
the visual line to the outside of tl llary center, tends to increase 
an existing esotropia. As the paNe kappa rarely amounts to more 
than 5 degrees, and usually Je§8s its presence or absence is not of 
great importance in high Chen. of squint. In low degrees, how- 
ever, its significance j in importance and its presence should 
be carefully noted. NY der children and in adults its value when 
present should efully measured by the method described on 
page 49. The ent should be cautioned lest he may mistake 
a positive KDa for a moderate degree of esotropia. The cover 
test, if AO ly applied, will always differentiate the two condi- 
tionsa’X Ytsotropia is not present there should be no movement 

Wer. Any movement under cover will indicate a manifest 


TN 
sq\int or a lateral heterophoria. 
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Monocular Rotations or Field of Fixation.—In all children old 
enough to respond and in all adults the field of fixation should be 
carefully plotted. The method has been described on page 73. 
Each eye should be studied separately, the other eye being occluded 
and the eye under observation being carefully centered on the peri- 
meter. A letter of large size should be selected as a test object. 
The patient should be instructed to follow the letter with his macula 
to the extreme limits on the arm of the perimeter and the points 
where clear vision ceases should be carefully noted and recorded by 
the anatomical method either on a perimetric chart, as in Fig. 37, 
or on the diagram (Fig. 36). 

No difficulty will be encountered in making the record by the 
anatomical method, if the operator will face the patient with the 
back of the chart held toward the patient, and due regard is given 
to the patient’s right and left. 

Measurement of the Angle of Squint.—One naturally will make a 
rough estimate of the probable angle of the squint by simple observa- 
tion. 

The Hirschberg method is a little more accurate, but not entirely 
satisfying. As a preliminary measure, in estimating the angle, it 
commends itself because it requires little time. The light from a 
luminous ophthalmoscope is brought close to the eyes. As the 
patient fixes the light the surgeon observes the positign of the 
corneal reflex on the non-fixing eye, with relation to sehen of 
the pupil. If the reflex is noted at the outer edge ‘ pupil the 
degree of convergence is about 15 degrees. W, the reflex is 
situated midway between the pupillary margi the peripheral 
border, the degree of squint is from 30 to grees. When the 
reflex is observed at the limbus the ang uint is approximately 
45 degrees. It will be observed that t uint plus the degree of 
dynamic convergence are measured his test. 

Priestley Smith Tape Method.>Mteasurements may be made by 
means of the are or tangen Qa the łatter group are included 
Worth’s deviometer, Ma EDren scale, and Priestley Smith’s 
tape. The former are N for a public clinic, or a large private 
office if a multiplicate instruments is not objectionable. The 
Priestley Smith tape Ssfmple, easily constructed, and fairly accurate. 
It consists of tw Gapes joined by a brass ring large enough to slip 
over a finger. © ‘h tape should be 60 em. in length from the center 
of the rir ANY nurse holds the end of one tape to the side of the 
child’s A while the operator slips his ophthalmoscope handle 
AOIN e ring on the other end of the tape. The light from the 

‘XO: 
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ophthalmoscope is reflected on to the cornez, and the reflexes are 
carefully observed on the corneal surfaces. The second tape is 
now held between the surgeon’s thumb and first finger, and the 
child is asked to follow the finger as it is moved out until the corneal 
reflex falls in the center of the pupil of the squinting eye. As the 
tape held by the surgeon is graduated in centimeters, the tangential 
readings are carefully observed by direct reading. At a radius of 
60 cm., each centimeter corresponds approximately to 1 degree. 
This method is sufficiently accurate for clinical work. It has the 
added advantage that a child of almost any age can be measured 
with a little patience. If the tape cannot be purchased from local 
dealers, it is easily constructed. The marking of the tape in 
centimeters will not be difficult. If the tape is made by the surgeon, 
it is desirable to mark the measuring arm in degrees of tangential 
value. The value of each degree desired on the tape may be obtained 
in millimeters by multiplying the natural tangent of the degree in 
question by 600 mm., the radial distance of the ophthalmoscopic 
mirror from the eye expressed in millimeters. The quotient will 
be tangential measurement expressed in millimeters. 

Are Measurement.—Worth objects to the perimeter because of 
alleged difficulty in technic and because it does not take into 
consideration the “angle gamma.” In this treatise, angle kappa 
is retained as the logical term for the angle which À encountered 


clinically. To this latter objection one must ad t practically 
all methods which utilize the light reflex on theNedrnea, are open 
to the same objection. The “angle kappa uld be observed 
in all cases and should be measured by perimetric method 
and added in esotropia if positive, stibstracted if negative. 
In the author’s routine daily work, S Mastri method is always 
employed for children who are el ough. A child, aged three 
years, can be measured without: Its accuracy commends 
it. In many of the studies herésset down, the surgeon may encoun- 
ter difficulties in the versxSéung. It is assumed, however, that 
in infancy one must, f many investigations which are very 
valuable, until such as will admit of accurate answers. 

For these me ents, either the old type of perimeter or the 
Ferree-Rand ay Wea may be used. The patient is placed with 
the chin su WDied so that the squinting eye will be opposite the 
point < Re n. The patient is now instructed to look not at the 

) 


fixati it on the perimeter, but at an object 6 meters distant. 


Taw 


from a luminous ophthalmoscope is now passed along 
ts m of the perimeter until its light is reflected in the center of 


A 
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the pupil of the squinting eye and the degree of deviation is read 
on the arm of the perimeter. 

On the Ferree-Rand perimeter, Ferree recommends that the 
fixing eye be centered on the presbyopic device arranged for infinity. 
The angle is then measured as indicated above. From a table of 
tangents, the tangent for the angle of squint measured is deter- 
mined and to it is added 0.003 times the interpupillary distance in 
millimeters. The sum will represent the corrected tangent of the 
angle of the squint. This angle may be found by noting the angle 
which corresponds to the tangential sum thus obtained. Although 
this is laboratory technic, of a high order, it is enclosed for those who 
are interested in the more scientific phases of the subject. 

Prismatic Method.—In a limited number of cases with fairly good 
visual acuity, one can measure the angle of squint by means of 
prisms and a Maddox rod. The Maddox rod is placed before the 
fixing eye and prisms are added base out until the line of light 
passes through the light. This is an accurate method, but applicable 
to but a limited number of cases for obvious reasons. In its appli- 
cation, the angle kappa can be ignored. 

Refractive Error.—This study is properly included under Treat- 
ment. In the preliminary study, however, one should roughly 
determine the gross refractive error which is present. For a pre- 
liminary survey, such measurements should be made by, means of 
the ophthalmoscope. A more detailed study will he@Ħen in its 
proper place. 

Condition of the Fusion Faculty.—A study o he phases of 
esotropia thus far discussed would be incomp rithout a proper 
classification of the case with reference to t dition of the fusion 
faculty. In very young children, und e years, little can be 
done to obtain a knowledge of the fugio ulty. Until the child is 
old enough to use the amblyoscope, Me mark time in the pass- 
ing of final judgment as to just wv Orn be expected in the way of 
a permanent cure. Some chj are responsive as early as the 
third year, whereas oth ificult to handle until they are 
five or six years of age NY determining the degree of fusion, if 
present, or its total bac, the amblyoscope must be converted 
into a game into Whach most children will enter if they are 
approached in t roper manner. The cards to be selected first 
are a rat and ap, a bird and a cage, etc., by means of which one 
can deteee the presence of simultaneous macular perception. 

Wise or that of fusion can be studied by means of an 


The nay 
F andn I if the child is old enough. If this can be converted into 
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an E, even though the third degree cannot be elicited, the prospects 
of good results from fusion training are very encouraging. If the 
F and L cannot be used, Fig. 83, or any similar chart may be sub- 
stituted to determine the presence of fusion. 


i It is of the utmost importance that the operator should satisfy 
ii himself that not only the first of these tests can be successfully 
i carried out, but that the second is also possible. If the first only 
| | 


S 
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Fie. 80 


i f EAA H 


~\ Fie, 82.—Simultaneous macular perception, 
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Fig, 83 


xs he REPS a MYA, ~ fR, 
Maven Sal 


Fic. 84 
Fies, 82, 83 and 84.—Fusion 


Rea) 


Fig. 85. pth perception. 
Fias. 80, 81, 82, 83, 8 A Sion charts for use in the amblyoscope. 
Jo 


(Courtesy of Cl rth and Bailliére, Tindall & Cox.) 


can be EOY all probability fusion is either absent or 
so defective theft cannot be trained. If it cannot be trained, 
only cosmeti¢tpsults may be hoped for. If, however, the second 
degree ig? A namely the presence of some degree of fusion, the 
yate perfect results is increased. 


198 HETEROTROPIA OR CONCOMITANT SQUINT 


dimension can be determined by Mr. Berry’s circles previously 
referred to, the principle of which is incorporated in Fig. 85. When 
fused properly, a bucket or tub or basket may be seen right side up, 
or upside down, as the case may be. This gives one the absolute 
assurance that, with proper management and proper coöperation of 
the parents and the child, if old enough to codperate, ultimately 
single binocular vision may be obtained, in some instances without 
operation, but more often with operation. 

To Claude Worth, for his insistance that this study with the 


amblyoscope is feasible in most cases and of infinite value in the 


proper management of squint, the profession owes a debt of grati- 
tude. One looks back with regret over histories of cases of some 
years ago. Cures were for the most part cosmetic. Many of these 
cases, if managed in the light of our present knowledge, might have 
been included in the list of cures, t. e., restoration of single binocular 
vision. 

Treatment of Monocular Esotropia.— Inasmuch as all forms of con- 
comitant squint have points in common as to symptoms, etiology, 
and treatment, the management of monocular esotropia will be 
discussed in detail. Before treatment is undertaken, a broad survey 
of each case is necessary. Such treatment as is indicated and possi- 
ble should be instituted at the earliest possible moment. In the 
main, three objects are sought: (1) The correction of refractive 
errors if such errors are of sufficient degree to warpady correction. 
(2) The prevention of amblyopia exanopsia, or x rrection of 
the same if it has developed. (3) Training of fusion faculty if 
it is present. In order to carry a case thro a successful issue, 
with or without operation, these three ob e points must receive 
due consideration. The student “er inquire if careful 


attention is paid to the three essen just cited, is it possible to 
correct monocular esotropia viun operation? Undoubtedly a 
percentage of cases do recover restoration of parallelism of the 
visual axes and single bino vision. The author is not prepared 
to state in definite terms phedpereentaze of his cases have had these 
happy results withoutQy ation. The conditions which make this 
result possible ar iMQeasing, or rather the barriers which prevent 
restoration of sinlg/binocular vision and parallelism of the visual 
axes are be Gmg fewer or more easily controlled during the last 
decade of Aed technic. Suffice it to say that one may hope 
by the ion of systematic measures to effect a reasonable number 
of c A ithout operation and that many more real cures may be 
eet with operation than were observed ten years ago. 
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Refraction.— Although the discriminating family doctor may refer 
his little squint patients to the specialist as soon as the squint is 
definitely established, the correction of refractive errors by glasses 
must be postponed until a suitable age. The youngest age at which 
the author has prescribed glasses successfully was sixteen months. 
An estimation of the refractive error should be made as early as 
possible. When the patient is under one year, a fair estimation of 
the error may be obtained by means of the ophthalmoscope. If the 
error is high, 3 diopters or more, this preliminary study will guide 
the surgeon to make a more accurate study by means of retinoscopy 
under a cycloplegic. If the error is high and particularly if aniso- 
metropia is present, suitable glasses should be prescribed from the 
retinoscopic findings just as soon as the surgeon can satisfy himself 
of the correctness of his estimation of the error and the child will 
tolerate glasses. In the author’s experience, it is a mistake to post- 
pone the prescribing of glasses until the third or fourth year, if the 
mother’s coöperation can be secured. It is true, measures may be 
adopted at this early age to prevent deterioration of vision in the 
squinting eye, but a properly prescribed pair of glasses furnishes 
the greatest safeguard against this tendency, if the errors are high 
and unequal. Furthermore, if the esotropia is purely of the accom- 
modative variety, good vision in both eyes is thus guaranteed. At 
the same time, elimination of the excessive convergence which is 
due to over-accommodation is secured by the wearing of,glasses and 
the visual axes may be restored to parallelism. A th avantage 
to be obtained by the early use of glasses is gain i WS) evelopment 
of the fusion faculty. 

The best cycloplegic for all children u n years of age is 
atropine sulphate. Children over five ye f age will tolerate a 
1 per cent solution while in younger fest 0.75 per cent solution 
may be used. The drops should bé&instilled three times daily for 
several days before an examination on If due care is observed 
in compressing the puncta afte? jnstillation of the drops no toxic 
symptoms will appear. K scopic examinations should be 
made on successive day satisfactory measurements have been 
made and a full correc is then prescribed. A moderate deduc- 
tion of 0.25 or 0.50(digpter may be made in high errors. There is 
something to he gained by continuing the use of the atropine for 
several days the glasses are adjusted. The better vision 
obtained X glasses while the ciliary muscle is inoperative, con- 
N “child that he sees better with the glasses on, and in 
supa sor ropine holds accommodation as well as convergence in 
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How often should the refraction be repeated? In young children 
every six months; in older children each year until one notes that 
the error is stationary. It is difficult to lay down principles in this 
matter which will apply to all cases. The above statement will 
apply to many cases, but in this matter as in refraction in general, 
the surgeon should be guided by the individual indications of each 
case. 

Prevention and Treatment of Amblyopia.—It was pointed out 
that amblyopia is the greatest barrier to the successful treatment 
of squint. Furthermore, it is of vital importance to each patient 
as to whether he shall go through life with full vision of both eyes, 
or to all intents and purposes blind in one eye. The second step in 
the treatment of squint is one of much importance. If the child 
is too young to wear glasses, this step may be the first to be insti- 
tuted. It is not contraindicated at any age. The best results are 
obtained in the early years of childhood. This treatment consists 
in forcing the child to use the squinting eye for definite periods each 
day. We have recourse to two methods, namely the use of atropine 
in the good eye or occlusion of the good eye for some hours each 
day. The latter method is the better. 

Atropine Method.—In this method, atropine is instilled into the 
good eye once or twice each day for several weeks. It is expected 
that the child will elect to fix with the squinting eye if this is done. 
It is not always successful The author has eee, children to 
continue to fix with the good eye even though e was used. 
The method is not without some risk in the ave Gye home. On the 
other hand, if the method is successful in traM¥frring fixation from 
one eye to the other, care must be ob not to continue the 
treatment over too long a period lest bic be transferred 
from one eye to the other. If this od is employed, the child 
should be under the observatio% ofthe surgeon in order that a 
check-up may be made as to thate of vision. 

Occlusion of the Fixing IPy—In the author’s experience, this is 
the most satisfactory to follow. The mother should be 
instructed to P ood eye by a bandage and cotton for 


definite periods ea y, from two to six hours. The closing of 


the good eye ns) e complete. Very young, as well as older 
children, will-endeavor to peep from under the bandage if it is 
possible. Aes in which amblyopia has not appeared, a two- 
hour rags day will be sufficient. If amblyopia is present, 
four De hours daily may be required. In a few instance, if may 

SS to occlude the fixing eye continuously for several days 


be nè 
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in succession at the beginning of the treatment. When fixation has 
been partly lost, the child at first finds it difficult to avoid falls, 
and to properly orient itself. In the more difficult cases, it is best to 
begin play at close range with blocks and toys of fair size. If the 
child knows his letters, books or blocks of large type or drawing 
on the blackboard furnishes good exercise to command fixation and 
stimulate macular visual acuity. After a few days, the bandage 
; is borne without much protest. In children old enough to go to 
| school, the author has always insisted that the occlusion bandage 
be in place during part of the school period. At the first visit, the 
child is asked to write or print his name on a line drawn on a blank 
sheet without occluding the one eye, and then with the fixing eye ` 
occluded. It is a matter of great surprise as to the rapid progress 
which the child makes. Copying at home or in school insures rapid 
development and it is therefore made a routine part of work during 
the occlusion period, if conditions are favorable for its practice. 
Two hours spent at close work, in copying or in study with large 
type, will accomplish more than a four-hour period at play. Obser- 
) vations should be made at least once a month to check-up on the 
vision. If the acuity can be brought up to the normal or approxi- 
| mately normal, the period of occlusion can be made less each day. 
| The important fact to remember is this: As long as monocular 
| squint exists, the fight against amblyopia must be maintained in every 
case until the deviation has been corrected by operatig It is not 
necessary for the surgeon to guide every step of treatment. 
Parents can be instructed in the matter and observations 
can be confirmed by the surgeon’s examinatio stated intervals. 
In addition to this method of treating a pia exanopsia, the 
author, in association with Dr. Maxwe}-RX\Dochner, Toronto, Can., 


added to the treatment the d i of the “high frequency” 


current for eight-minute periods t, times a week, with definite 
improvement in a majority of_cdsés, and some improvement in 


practically all cases. In eac ance, the usual method of treat- 
ment as outlined was carp ut. Subsequently, the “high fre- 
quency” was added wi rked improvement. The conclusions 


which seem to be j fl are: (1) Amblyopia exanopsia is a func- 
tional condition, iG term implies; (2) under suitable treatment 
such amblyop be improved or corrected; (3) the improvement 
is greatest io dhood, but is observed in adolescence and early 
adult lif 

Trax Ss the Function Faculty.—The first and second steps in 
the 1 SS Y of squint can and should be practised at a very 
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early age. Investigation and training of the fusion faculty can be 
begun between the ages of three and four years. If the refractive 
error has been properly corrected and measures are instituted to 
prevent or to correct amblyopia, the surgeon can await with safety 
the age when fusion studies can be made. 

In a majority of instances a preliminary survey of the fusion 
faculty will definitely classify any individual case. As previously 
stated, unless some fusion tendency is present, in addition to simul- 
taneous macular perception, time spent in training will be useless. 
If, however, even a moderate tendency can be elicited, patience 
will be rewarded by a reawakening and development of this faculty. 
For this purpose, the Worth-Black amblyoscope is used. The 
addition made by Black to the instrument consists in the rheostat 
attachment which enables the operator to dim the object before 
one eye and brighten the other. This is an ideal addition but not 
strictly essential. The same object may be accomplished by expos- 
ing one tube to a bright light while the other is more or less dimmed 
by the hand or a card. The test should begin with the child on the 
mother’s or surgeon’s lap, and the test should be converted into a 
play of catching a rat in a trap, a bird in a cage, etc., the tubes 
having been placed at the proper angle to make the two objects 
simultaneously perceptible. From these simple cards, one proceeds 
to other cards which require fusion. Contrary to what one would 
expect, the third dimension can be elicited in se ta very 
readily. Mr. Berry’s addition to the stereoscope DR adapted to 
use on the amblyoscope. It is not difficult for Be ild to convert 
the apparently meaningless circles (Fig. 85) & a real bucket or 


tub. By changing the cards about, RO or bucket may be 


made to stand on its kottom, or r OT By a little practice, 
the child will be able to tell definit ther he sees the bottom 
or the top. Unfortunately the sries of cards which are supplied 
is not sufficiently large to keep Qt e interest of the child. How- 
ever, the mother is instruct d@y the use of the amblyoscope and the 
exercises are practised gals at home. While it would be 
advantageous to hav ger series of cards which would call for 
the exercise of fugi Cy en the use of the cards of the first series 
(simultaneous m&cujar perception) are of much value. Each of 
the cards requies precision and the exercise of binocular vision. 

A ten-mi session each day serves as a sufficient stimulus to 
the fusi culty to become active and to respond to the more 
valu HL Siereoscopic exercises after operation. The desire for 
fusi Ni with surprisingly little stimulation at this early period, 


~~ 


ae 
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and with it, in some instances, the squint disappears. More fre- 
quently, the squint persists, but with the reéstablishment of an 
active fusion faculty, the prospects of a perfect recovery after 
operation are assured. 

The cards as shown in Figs. 80 to 85 are arranged in groups, 1, 
2 and 3, the order in which they should be used first to establish 
the state of the fusion faculty, and second, to develop it. Series 1 
may be practised with great advantage at each sitting. However, 
if series 2 and 3 can be combined properly, a more substantial 
gain may be made in strengthening fusion. 

One naturally asks if the measures as outlined are carefully 
practised, should we not expect a larger number of spontaneous 
cures without operative interference? In a majority of instances, 
one notes a dimunition in the angle of squint after glasses are worn, 
but the instances of complete disappearance of squint with glasses 
alone are comparatively rare. The accommodative factor in many 
cases may be an important one in the cause of the squint, but the 
angle of deviation is far in excess of what might be expected from the 
refractive error alone. The absence of fusion control is responsible 
for the break, but other factors determine the extent of the deviation 
—a deviation which in most instances is far in excess of the breadth 
of even a normal fusion faculty. As pointed out, the muscles, fascia, 
and check ligaments, when fixed by several years of definite devia- 
tion, offer an obstacle in molecular and anatomical chads s which 
may require surgical intervention to be brought witt e scope 
of fusion. It, therefore, is not unusual to find cases which 
require more than a correction of refractive errors an awakening 
of the fusion faculty, to restore a normal mus dence The cures 


which are effected by these measures alo to out operation occur 


before the sixth year. On the other, hi ne cannot fail to be 
impressed with the necessity for very%Accurate correction by opera- 
tion in older children and in for vene It is a matter of frequent 
observation that, even thoug @i the measures suggested are 
practised with care, in nein, unless the operation is 
carefully performed, ert ignment cannot be obtained. The 
author has observe (T) ome of these patients after operation 
can fuse any of the TRAE charts in the Wells’ series, and yet 
in actual routine @s¢, there remains a deviation of from 5 to 10 
degrees. After er operative measures, so that almost perfect 
alignment i red, the fusion faculty finally dominates binocular 
vision, gre: binocular vision is secured. The reasons for this 
fact a a e found in the organic changes which -have taken place 
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in the muscles and fasciæ, and in the inelasticity of the fusion faculty. 
In these reasons, therefore, one finds tħe importance of early train- 
ing as well as early operation, if this measure becomes necessary. 

Operation.—If operation becomes necessary, the surgeon is con- 
fronted with two interesting problems: (1) At what age shall 
operative interference be practised? (2) What operation shall be 
performed ? 

There is a general tendency to postpone operation as long as 
possible, in fact too long to hope for the restoration of single 
binocular vision. The average age when squint operations are 
performed is from eight to twelve years. More are operated on 
after ten than before ten years of age. In the author’s judgment, 
this is a mistake. Aside from the slightly increased difficulty in the 
surgical technic experienced in operating on young children, there 
is no contraindication to early operation, but the opposition of 
parents. Nothing can be gained by delay, and there is much lost. 
It is alleged that a child twelve years of age can be operated upon 
under local anesthesia. This is possible in many instances, but the 
gain which accrues to operating under local anesthesia is more than 
overbalanced by the fact that the operation is less well performed 
at this age than when the surgeon is freed from handicap by the use: 
of a general anesthetic. As much as it is desirable, therefore, to 
operate under local, the average patient twelve yeąrs of age will 
do better under a general anesthetic. Ç 

Advantages to be gained by early operatior SO (1) Macular 
vision is less likely to suffer; (2) the fusion fa s more responsive 
to stereoscopic training after operation at arly age of six years. 
These two reasons are sufficient in t ves to commend early 
operation. There is another fa ch should receive more 
consideration than is usually to it. The disfiguring 
characteristic of squint, subjec ese little sufferers to the ridicule 
of other children and to the.comfmon nickname of “‘cockie.” The 
author has repeatedly h from his little patients the follow- 
ing comment: “They call me ‘cockie’ any more, can they, 
doctor?” The me distress occasioned by the deformity is 
not confined to ‘hildren and young adults, but it is repeatedly 
observed in he children. 

Finally, No hopes to restore the full and normal function of the 

© 


eye muscl hich is required in single binocular vision, it is best 


to KRU when conditions are more favorable and before the 
ov d period of school life is begun. 
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Choice of Operation.—From a purely surgical standpoint, this is 
determined by the angle of deviation, the presence or absence of 
amblyopia, and the state of the fusion faculty. For reasons which 
are difficult to understand, tenotomy of one or both interni has held 
sway in the past and is even practised by many today. The opera- 
tion has nothing to commend it unless it be a modicum of surgical 
skill required in its execution. To offset this advantage, if it can 
be considered as such, is first, the danger of converting a convergent 
esotropia into a divergent paralytic squint. If the patient escapes 
this disaster, he may be confronted with an equally serious conse- 
quence, namely, inability to sustain convergence at the near-point. 
In addition to these serious objections, there remains the fact that in 
those cases in which reattachment may be sufficiently secure to 
prevent an outward deviation, the most that may be expected is 
approximately a correction of 11 degrees. Many who continue to 
practise this operation, justify the procedure by pointing out the 
fact that they do not aim to cut all the spreading fibers of the muscle. 
The fact remains, however, that in order to obtain even 10 degrees of 
improvement in the squint, the tendon must be severed freely 
enough to allow the muscle to become retracted by its own elasticity. 
All who have observed the serious consequences of tenotomy of the 
internal rectus and have attempted to search for and reattach a 
muscle so tenotomized, will need no word of caution against a 
procedure which may truly be called bad surgery. ‘TJadye whose 
experiences are somewhat limited, will do well to acq hé technic 
of the other measures to be described, rather thanaept a measure 
which requires no special surgical skill, but is f t with so much 
danger. xS 

The constructive surgical procedures ich the surgeon may 
resort are resection, with or withoyt Os 
recession. 

Resection.—It is not our purpose describe the technic of these 
several operations, but certaj Srpects should be considered at 
this juncture, in order to 4 gently determine the indications 
for each procedure. 

A resection consist {eXising a section of the tendon and muscle, 
and reattaching the &is#al end of the severed tendon to the tendon’s 
stump. It is oby&ys that by this procedure no increased purchase 
is obtained u »Y 1e eyeball in external rotation. The tendon is 
simply shgrt to the extent of the section excised. ‘The contact 

hiscle to the globe has not been increased. Under 


cement, tucking and 


arc of SW 
average cSnditions approximately 10 degrees of correction may be 
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gained by this operation. In more favorable cases.a slight increase 
over this amount is obtained, but too great a resection will place too 
much tension upon the muscle and a tendency to enophthalmos is 
encouraged. Furthermore, the tension placed upon the sutures is 
increased and the ultimate result may be less than that obtained 
at the time of operation. This operationis suitable, therefore, for 
squint of 10 to 12 degrees. When a bilateral resection is performed, 
one may hope to overcome about 20 degrees of convergence. 
Advancement.—Much stress has been laid upon the contact are 
of the muscle by many surgeons. In order to increase the contact 
arc, in addition to resection of the tendon, the distal cut end is 
attached not to the stump, but is brought forward and attached to 
the sclera close to the cornea. Before attaching the muscle, the 
stump is carefully trimmed in order that the muscle does not become 
attached at this point. It is held by some that attachment between 
the globe and the advanced muscle does take place at this spot, and 
that therefore there is no increase in the contact arc. Worth 
believes that such attachment does not take place if the operation 
is carefully performed. The author has no experimental data to 
add to Worth’s testimony on this point, but his clinical experience 
confirms the evidence of Worth and others that a higher degree of 
correction may be obtained by a resection with advancement than 
with a resection alone. It is possible that this gain ma ge due solely 


to the fact that the muscle is shortened to the extenf-ah the advance- 
ment in addition to the gain by resection. If eh rue, clinical 
experience teaches that an advancement is m 

resection. To obtain the same degree of tion b a resection, 
the entire tendon of the external rectus be sacrificed and the 
muscle itself must be attached to ® on stump. The results 
are less satisfactory than when tey n itself can be reattached 
to the sclera in front of the stu There is less occasion for the 
sutures to cut through and Cre ize the results. 

If more than a gain of rees is desired, advancement should 
be added to the resecti Ree can hope to gain about 15 degrees 
of correction ay an a case and more under most favorable 
conditions. AQnicement of both external recti, 30 to 35 
degrees of nr may be corrected. 

Tendon Ryley 1g.— Tendon tucking consists in folding the tendon 
by one A or methods, suturing the same and thereby shorten- 
te the on and muscle. The results, in shortening the muscle 

SY easure, are exactly the same as one observes in resections. 


RON blasts claim that almost any degree of shortening may be 
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obtained by this method. As one writer expressed his views, “one 
can go back and take additional reefs in the muscle until the desired 
amount of shortening is obtained.” The author cannot say that his 
experience with this operation has’been so happy. 

The two phases of the operation which commend themselves in 
the correction of moderate degrees of squint are: (1) The muscle is 
not severed; (2) the convalescent period is shorter than in resections 
and advancements. The long period of occlusion of both eyes 
required by an advancement is very much shortened in tucking. 
There are minor objections to the operation, but the chief objection 
is the same as that of resection. It is applicable only to squints of 
low degrees. 

Tendon Recession.— Recession of the internal rectus, proposed by 
Jaimason,! consists in attaching the cut tendon 1 to 5 mm. back of 
the stump. It is an operation which should always take the place 
of a tenotomy, and may be used to advantage, combined with 
an advancement, in the higher degrees of squint when it is desir- 
able to limit the surgery to one eye, or when double advancements 
are insufficient to correct the entire amount of deviation. On 
general principles it is inadvisable to weaken the converging power 
of the eyes when there is even a remote possibility of restoring 
single binocular vision. It is generally believed that it is better 
surgery to strengthen the externi either by resection or by advance- 
ment. The recession operation should, therefore, be he}d\n reserve 
as a supplementary procedure to increase the effe ingle or 


bilateral advancements. 
Grouping of Surgical Cases.—With few agis, all cases in 


need of surgery may be classified in one o groups. In the 
first, or cosmetic group, should be inclu cases of high degrees 
of amblyopia and those in which the fus aculty is totally absent. 
In this group, if the squint is not great, not over 35 degrees, 
the surgery may be limited to theX\sqjuinting eye. In the second 
group, or potentially successfy up, should be included cases of 
normal visual acuity in bot O or correctable to normal by means 
of glasses, and cases of NN mal or moderately defective fusion 
faculty. In either co deviation of more than 35 degrees may 
call for special modi ion of the surgical measures advised. 
Cosmetic Groe If amblyopia is of considerable degree and 
hopeless, or if usion faculty fails to respond to training, it is 
best to lit ie surgery to the squinting eye. By means of a free 


1 The ay * has practised recession of the internal rectus for a number of years 
using a method similar to that proposed more recently by Jaimason, 
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resection and advancement of the external rectus, one may hope 
to overcome a maximum degree of convergence. A resection alone 
will rarely yield more than 10 degrees. It is true that under certain 
conditions more than 20 degrees of deviation may be overcome, 


` but in the judgment. of the author, a greater gain than 20 degrees 


is not the rule. Too great a resection will tend to place too much 
tension on the muscle and will tend to create enophthalmos. If a 
greater correction is necessary, the surgeon may choose between 
recession of the internal rectus at the same sitting, or advancement 
of the other external réctus at a later date. The former method is 
preferred. It obviates the necessity of a second operation. ‘The 
internal rectus may be set back 3 to 5 mm. with excellent cosmetic 
results. It is understood that in this type of case only cosmetic 
results may be obtained. Furthermore, if the fusion faculty is 
absent, or amblyopia is present, sustained convergence for close 
work need not be considered. 

If the squint is slight, about 10 degrees, instead of a resection with 
reattachment of the muscle to the tendon’s stump, a tucking of the 
external rectus may be practised. This operation is’ received 
with favor by some surgeons. No greater gain can be obtained by 
this operation than by a simple resection. The convalescent period 
is less prolonged than is that of a resection. Furthermore, the 
surgical skill required is less than is that of a resection. It also has 
its disadvantages which have been discussed. InstgaQof a tucking 
of the external rectus for moderate degrees of s recession of 
the internal rectus may be practised as a thir ice. The latter 
operation is not recommended in this insta 

Potentially Successful Growp.—In the nd group, the fusion 
faculty may be present, but ey Q fairly well developed. 
Amblyopia is not in evidence. I cy Or is of moderate degree, 
10 degrees, a resection or tuckin be practised. -Twenty degrees 
of deviation indicates a Gi reseCtion and advancement. Devia- 
tions of 20 to 35 degrees id be corrected by double advance- 
ments. Some may ele confine the surgery to the squinting 
eye and perform an cement of the externus and a recession 
of the internus. 1Qhis group of cases, these procedures are not 
so satisfactory Ch advancements. If the angle of squint is 
over 35 deg Gy louble advancements and recession, of one or both 
interni, is mayo ted. 

Wł üble advancements become necessary, the question 
S arises, shall they be performed at the same time or shall 

ond operation be performed after an interval. Circum- 
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stances, such as the convenience of the patient, etc., may decide 
this question; but when it is possible, it is good judgment to operate 
in two stages, allowing a period of about ten days to intervene. 

Stereoscopic Training.—Following operation in the second group, 
if proper alignment has been obtained, the amblyoscope should be 
replaced by the stereoscope. This becomes the last step in the 
management of cases included in this group. Many correctly 
performed operations fail to restore single binocular vision because 
the surgeon fails to follow his case after operation with this very 
essential step. The amblyoscope possesses great possibilities in 
stimulating a sluggish fusion faculty to activity, but it does it 
imperfectly. The stereoscope on the other hand is an instrument 
of great refinement, not only in training the fusion faculty to the 
point when it will function without further aid, but in stabilizing a 
muscle balance which was entirely absent throughout the squint- 
ing period. To briefly summarize, the role, which the stereoscope 
plays in this particular type of case, is that of deciding whether the 
result shall be only a cosmetic one, or a success in the truest sense 
of the word—restoration of single binocular vision. 


ALTERNATING ESOTROPIA. 


Etiology. —In the alternating type of convergent squint the patient, 
at will or unconsciously, fixes with either eye. The pee, er is 
absent, or so defective that training does not improv t begins 
at an earlier age than does the monocular type. Aint is evident 
in some eases at birth, or in the first few weeks ife. A majority 
of cases are well established before the end KO rst year. As the 
patient uses both eyes alternately, ambly oes not develop. 

Refractive errors may or may not lisposing factors. In 
a majority of instances, the refractfxe error is so moderate that 
it can in no way be considered as ‘Ose In other instances, the 
error may be considerable, fr 3 to 4 diopters. Unequal errors 


are rarely observed. K whole, refractive errors play an 
indifferent role. 

The influence of AN probably consists in the transmission 
of a defective fusio f; D) Other precipitating factors, so fre- 
quently observec monocular squint such as fright, convulsions, 


and acute ill x are observed, but not so frequently as in the 
RS Q D More often, the onset is insidious without any 
ie asgaited conditions. 

G N etiological factors are two, an absent or undeveloped 
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fusion faculty and heredity. As the hereditary influence is shown 
mainly in the inheritance of a weak or an absent fusion faculty, one 
might say the causes of alternating esotropia are practically reduced 
to a single factor. 

Course of Untreated Alternating Esotropia.— The absence of fusion, 
of amblyopia and of marked refractive errors, simplifies the course 
of alternating squint. With probably one exception, nothing changes 
the character of an untreated case throughout life. The patient 
goes on squinting through life with little alteration. The one 
exception to this general rule is the conversion of an alternating 
squint into a monocular one. If the refractive error is appreciable, 
if there is even a slight difference in the visual acuity with or without 
an appreciable refractive error, the patient may give preference to 
one eye and use it to the exclusion of the other. A monocular type 
of squint may therefore develop with all the characteristics of 
monocular squint. | 

Myopia instead of hypermetropia is occasionally observed. 
This is noted in older children. It occurs, however, in probably 
the same relative frequency as the condition is observed in non- 
squinters. It is to be remembered that hypermetropia and astig- 
matism are often very moderate in degree. The same process, the 
passing from’ hyperopia into myopia through the “turnstile of 
astigmatism,” referred to by the late Dr. Samuel Risley, may be 
observed in alternating squinters as well as in non-ge\jnters. 

Diagnosis and Measurement. In the histor the case, one 
usually receives the definite information th Qe squint appears 
in “both eyes,” by which the parents mea e squint shows now 
in one eye and again in the other. A carat Sver test will definitely 
reveal the alternating character of=stłe)esotropia. This and the 
measurement of the angle of the Weyiation were thoroughly dis- 
cussed in monocular esotropia & need no further amplification 
at this time. 

Treatment.— Insofar as g tion is concerned, the same careful 
methods are practised a described under monocular esotropia. 
The greatest care s be observed that glasses are prescribed 
early, if the erropa sirded as sufficient to be an etiological factor. 
A spheric error Cos than +2 diopters would hardly be regarded 
as high eneu@sy to require correction before the child begins its 
school wor stigmatism of +1 diopter or more should be con- 
sidered Ove seriously, and a correction should be worn as early as 
pos Y All higher errors, spherical and cylindrical, should be 
N rrected. In discussing the etiology, the minor role of refrac- 
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tive errors was referred to. They should not be ignored, but should 
be given the same consideration as is given them in non-squinters. 
This applies to moderate errors. Higher degrees should be treated 
as we have previously outlined. . 

Amblyopia.—Amblyopia is not observed in true alternating squint. 
No special measures need be practised, therefore, to prevent its 
development, other than a careful check-up, at stated intervals, 
on the visual acuity in both eyes. 

Fusion Training.—Fusion training, like amblyopia, is unim- 
portant in this type of squint. One approaches this step in the 
management of alternating esotropia as in the matter of refraction. 
As soon as the child is old enough, an effort should be made to classify 
the case as to the presence or absence of fusion, and if fusion is 
present, to determine its degree. If one can demonstrate to his 
satisfaction that the case has more than “simultaneous macular 
perception,” every effort should be made to develop even a very 
defective fusion faculty. To this end the amblyoscope should be 
used with as much care as it is employed in monocular esotropia. 
Inasmuch as many of these patients squint soon after birth, it is 
probable that any fusion which may have been present fails to 
develop because of the barrier created by the squint. To all intents 
and purposes, the ultimate results may be the same as when fusion 
is totally absent. When, however, squint appears later inchildhood, 
a fusion faculty although undeveloped, may persis yield to 
training. In the author’s experience, few caseyprespond. The 
effort, nevertheless, should be made in every cas vhich one finds 
even a suggestion of fusion present. When togay absent, or at least 
unresponsive, as it is found in a majority ofadsfances, fusion training 
can be omitted. © 

Operative Treatment.—Every c true alternating squint 
becomes a potential surgical casa7yem its onset. Little hope of 
correcting the squint without,gpéfation can be held out to the 
parents. The question becgrx’one of “when shall the operation 
be performed?” The o Cy is solely a cosmetic one. Contrary 
to the usual custom, th ior believes that it is to the best interests 
of the patient to a early, between the fourth and eighth year. 
So long as the defo®fty is to be corrected, early operation relieves 
the child of thé Covance which the disfigurement creates. Further- 
more, the orary diplopia which is sometimes experienced by 
older W sg and young adults after operation, does not seem to 
incon Ance the young child. A third advantage in early opera- 
tior found in those cases which require several operations, in 
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that the first operation improves the general appearance of the child 
and the second operation may be postponed for a year or two. The 
most serious objection to early operation is the greater difficulty 
in the general management of the young child as compared with one 
who is more mature. In the average case this is more than bal- 
anced by the advantages gained by correcting the defect before the 
child starts on its educational career. 

Choice of Operation.—This may be determined entirely by the 
degree of squint to be corrected. All operations in this group are 
cosmetic and one hopes simply to obtain perfect alignment. ‘The 
question of near-point convergence becomes secondary. The surgery 
may, therefore, be confined to one eye or bilateral advancements 
may be performed. In the matter of the degrees of correction to 
be expected from each procedure, the same general principles apply 
as in that of monocular esotropia. In a general way, 10 degrees of 
deviation call for a moderate advancement, a simple resection or a 
tucking of one external rectus. Twenty to 25 degrees require an 
advancement with a recession of the corresponding internal rectus, 
or a double advancement of the externi. Any deviation beyond 25 
degrees will require a double advancement with a single or bilateral 
recession of the interni. In the high degrees of deviation, the 
best method of procedure is to obtain maximum results by perform- 
ing an advancement and a recession on one eye at the same sitting. 
Any residual squint is corrected at a later peri y a similar 
operation or operations on the fellow eye. RN xplained pre- 
viously, it is inadvisable to operate on both e the same time. 

It is quite as important to make perfect oe in this form 
of squint as in monocular esotropia. Thea Bho has always found 
it advantageous to proceed on a method insures greater 
precision and exactness in resul hè first operation does not 
fully correct the squint, a second Rs can later be performed on the 
fellow eye. 

Over-correction.—The qu 
operator shall aim at oy 


Gn is often raised as to whether the 
ection. This may be answered in the 
affirmative, and in th ative. Affirmatively, because one rarely 
obtains the full ‘ion which he hopes to pach by any single 
procedure. In Keene therefore, one should always aim at 
over- ENA the results usually will be satisfactory. It 
may be ar ‘ed negatively in another sense. Over-correction 
is ofte À RO because the stitches cut through and an advance- 
men as example, may not remain where anchored to the sclera. 
PNY very satisfactory Worth advancement is selected and the 
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stitches are properly anchored into the episcleral tissues, one 
usually finds the ultimate result continues to be the same as when 
the operation is completed on the table. Slipping of the sutures and 
recession of the advanced muscle is usually due first to improper 
placing of sutures and second to the attempting of too great a cor- 
rection by a single advancement. Attention was called to the 
danger of attempting to correct too much by an over liberal resection 
and advancement in the hope of obtaining full correction by a 
single operation. The result usually is an under-correction, because 
of the great tension placed on the sutures which thereby allow the 
tendon to recede. If the operation is properly performed, and the 
resection is correctly calculated, no attempt at over-correction in the 
sense referred to, need be considered. 

Postoperative Diplopia.—The question of double vision after 
operation has not received much discussion. It rarely causes 
inconvenience during childhood. The habit of suppressing the 
vision of one eye becomes habitual and the average young individual 
rapidly readjusts himself to the changed relation of the two eyes, 
and diplopia as a rule is hypothetical rather than real. After 
operations, during adolescence and early adult life, one occasionally 
meets with diplopia. The author recalls but one instance in a young 


woman, aged twenty-three years, in whom diplopia was an annoying 
symptom for some weeks after operation. Conscious diplopia, as 
a rule, rapidly disappears and fear of developing Ae me after 
operation should not deter the operator from OF taking the 


operation upon adults. & 
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Divergent strabismus differs in etgoldgy¥ in its course of develop- 
ment and in treatment from th esotropia. It occurs in a 
majority of instances about the agtof puberty or during the ado- 
lescent period, although theAééential” variety may be observed 
in young children. Unljk opia, which frequently diminishes 
by the constant wearin ylasses, exotropia tends rather to increase 
than to diminish as ft oes on. Furthermore, the angle of devia- 
tion is less constantNw/degree. It does not respond to non-surgical 
methods of tregéepent so readily as does esotropia, and surgical 
measures are D satisfactory than in the convergent type of squint. 
To offse unfavorable aspects of divergent concomitant squint, 
there Y s the fact that exotropia is of less frequent occurrence 


one at of esotropia. 
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Classification.—The grouping of cases of exotropia in the main, 
is similar to that of convergent squint, but a trifle more complicated. 
It may be monolateral or alternating in type. Amblyopia is com- 
paratively rare. The alternating type is probably more frequently 
observed than the monolateral type. If those cases, which are due 
to very defective vision in one eye, are excluded, the alternating 
type predominates. 

In a way, one may further classify exotropia as accommodative, 
or to speak more to the point myopic, and second essential. Worth 
applies the term “neuropathic” to the latter group, but admits that 
he uses the term for want of a better one. - In this treatise, “essen- 
tial” will be used to harmonize with the classification in esotropia. 
There are types of exotropia which do not clearly fall within either 
of the two groups mentioned. The divergence which so often fol- 
lows tenotomy of the internal rectus is not strictly speaking a para- 
lytic squint, as we know paralytic squint. To give it the prominence 
which it demands, it will be called postoperative exotropra. 

Myopic or Accommodative Exotropia.—Strictly speaking, it is the 
absence of accommodation which is a pronounced factor in myopic 
exotropia. In this type the fusion faculty may be present and 
well developed. Myopia is gradual in onset and often reaches 
5 or 6 diopters before a tendency to divergence appears. No 
precipitating factors are noted, but exophoria especially: at the near- 
point develops and as the near-point approaches, an see with 
both eyes give way to monocular vision. Diverge®S dint becomes 
an established fact. It may be unilateral or a ting. It rarely 
becomes strictly monocular unless marked ax@Semetropia develops. 
This type often is only moderate in deg rom 15 to 20 degrees. 
At times it may almost disappear J Want vision. The cover 
test, however, will definitely show Gh) Covered eye deviates out- 
ward. In other instances, if via is high, the deviation may 
become considerable. This is Qr to the conditions observed in 
malignant myopia, when t Qilongated eyeball together with the 
developing orbit, brings an exotropia of varying but usually 
of considerable ERN In this group may be included many 
cases of aA gross visual loss or blindness in one eye. 
Most blind eyes to outward deviation when blindness or visual 
loss develope >" the age of puberty. 

Essential tropia.—The student will recall, in the section on 
AA iat although it develops, as a rule, after the age of 
thirty Wars, it occasionally is present quite early in life, and that 
it vn s in hyperopia as well as in myopia. Unless the condition 
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is corrected, the exophoria gradually increases, and after a time, 
all effort to hold the divergence in check is abandoned and exotropia 
becomes established. If the refractive error remains hyperopic, 
as often is the case, the resulting exotropia cannot be said to be 
accommodative in type. It is an essential variety. Just what 
the etiological factors are, is difficult to determine. The fusion 
faculty is weak or absent in most cases, but present in others. In 
a larger number of cases which belong to this group, divergence is 
present in early childhood. The fusion faculty is defective. Refrac- 
tive errors are low and may either be myopic or hyperopic. It is 
probable that a defective fusion faculty is the active etiological fac- 
tor. The exotropia usually is alternating in type, although in some 
instances, the squint is unilateral. As is characteristic of exotropia, 
the angle of squint varies from time to time. Many of these patients 
can, without any effort, render the visual axes parallel, but when not 
consciously observant of the fact, a manifest deviation is present. 
One of the author’s patients, a boy, aged eight years, can use his 
eyes perfectly together when he appears in the office under observa- 
tion. He can fuse objects in the stereoscope without difficulty, 
but habitually allows the left eye to wander out about 15 degrees 
in all of his unconscious visual acts. He belongs to a type which 
Worth describes as, “bright, quick-witted, and intelligent,” but 
“nervous and highly strung.” 

Postoperative Exotropia.— This is a name given to an erhyreunate 
exotropia which so often follows a tenotomy of an ] al rectus. 
In a minority of instances, the outward deviation foYews soon after 
the tenotomy has been preformed. Such ca sually are of a 
paralytic variety and internal rotation is AÒ restricted. The 
angle of deviation varies with the on ans the good eye. Ina 
majority of instances, however, diyer% squint develops very 
gradually. and definitely appears sex@xal years after the tenotomy 
is performed. Most operators who\Were taught to perform tenot- 
omies find a number of these nts return to them several years 
after operation with a div instead of a convergent squint. 
When the squint reache aximum degree, it too may resemble 
a paralytic squint o power of internal rotation. In addition 
to the disfiguremen\ which is a source of much embarrassment, 
many of these Pre ts complain of a constant eyeache or soreness. 
In all these CFS the tendon has not become reattached to the 
sclera buts acts within its sheath. The firmness of the capsule 
may h NS eye in position for a time, but a stretching process 
allowsyt t gradually turn outward more and more, and eventually 
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the squint becomes a paralytic one. Inability of the patient to 
properly converge to the near-point, after the healing process of a 
tenotomy is complete, should lead the surgeon to anticipate the 
development of a divergent squint. Furthermore, one such case 
on his records should teach the lesson that tenotomies are dangerous 
and should be replaced by a recession operation, that is, an operation 
which sets back a tenotomized muscle by stitching it to a definite 
point on the sclera. 

Symptoms.— Aside from the outward deviation of the visual axis, 
the symptoms and course of exotropia differ materially from eso- 
tropia. Esotropia yields to treatment in many instances by means 
of glasses alone and by the use of the stereoscope. Exotropia on 
the other hand, rarely tends to diminish, but usually increases. 
Neither glasses nor stereoscopic training tend to reduce the angle 
of squint. Amblyopia exanopsia is rare, but this fact does not 
render correction of the squint easier. The angle of squint varies. 
In fact, this variation adds to the difficulties which the surgeon 
encounters in the surgical straightening of the eyes. Diplopia is 
rarely observed. The fusion faculty is not defective in so large a 
percentage of cases as in esotropia, but its training does not add much 
to the treatment of the case excepting in the accommodative type. 

Treatment.— All phases of the treatment of exotropia are less 
satisfactory than the management of esotropia. 

Refraction.—The same care in estimating and ¢orrecting the 
refractive error, as was advised in esotropia, sh Ch observed in 
any given case of exotropia. In the accomm@y atc variety with 
myopia, a full correction, if supplemented y Or training, may 
correct an exotropia of moderate de ` Unfortunately, as in 
esotropia, the amount of deviation i An orn can be accounted 
for by the relation of the meter or -onvergence to the diopter 
of accommodation. Glasses, tl re, in themselves, rarely give 
sufficient relief to correct onan If the refractive error is 
hyperopic, instead of a full@grrection as is indicated in esotropia 
great care should be ob d that the spheric error is under-cor- 
rected. In ae ony s€ be guided by the patient’s age and 
occupation. O the sphere may be cut a great deal. 
After the age a vO y years, one should be guided entirely by the 
re the patient s occupation. If the occupation is of 
such a char, as to require the constant use of the eyes at the near- 


point, +t e ae the patient also becomes a determining factor. 
ow y-five years, a full hyperopic glass may become necessary. 


Nene conditions, therefore, the simple rules of refraction 
gy be followed regardless of the presence of exotropia. 


+ 
Mm. 


O 


AČ 


EXOTROPIA OR DIVERGENT SQUINT 217 


Fusion Training.— Classification of each case as to the state of 
the fusion faculty should be practised at the beginning of the treat- 
ment. Because of the average age of the patient, this is done with 
greater facility than is possible in the young esotropic patient. If 
the patient belongs to the group which shows a tendency to exophoria 
in the adolescent period, every effort should be made to overcome 
the exophoria by prism training as advised in the treatment of 
exophoria. If squint is definitely present, fusion training by means 
of the amblyoscope should be followed. The results are not en- 
couraging but every effort should be made to restore a defective 
fusion faculty. 

Occlusion of the Fixing Eye.—Many cases of exotropia are alter- 
nating in type and therefore vision is not apt to deteriorate. In the 
monocular variety, amblyopia exanopsia is infrequent. Occlusion 
of the fixing eye should, however, be practised as in monocular cases, 
unless the extropia is due to blindness or amblyopia other than that 
acquired from disuse. When one eye has a low refractive error 
and the other a high myopia error, with an outward: deviation, 
nothing can really be done to correct the condition by any of the 
measures discussed. 

Exotropia Combined with Vertical Disturbance.— The vertical 
balance in exotropia, as well as in esotropia, should be carefully 
determined. A hyperphoria, if present, should be corrected by 
prisms properly placed. A full prismatic a os ae be 
incorporated in the glasses. One should delan NG nount of 
hyperphoria for far and near, and the minim On l] correction 
should be prescribed. The correction of the Rout balance often 
has a considerable influence over lateral NS GPnce, whether there 
is only a tendency to lateral disturbance oy aanifest squint. 

Operation.—Comparatively few cask F xotropia are corrected 
by non-operative measures alone. Before one proceeds to operative 
interference, each case should be E ully studied as to its particular 
needs. There are many cases the alternating type, moderate 
in degree, in which the squi neither disfiguring nor inconvenient 
to the patient. Some be patients can use either eye at will, 
are not annoyed by pia and never complain of discomfort. 
Inasmuch as moderate degrees of exotropia are less noticeable 
than esotropia ofthe same degree, it is often inadvisable to recom- 
mend operatiaaN “The fusion faculty is defective and single binocu- 
lar vision, i apt to follow after operation. Operative interfer- 
ence AN e reserved for cases in which the deviation is sufficient 
to AY undue attention because of disfigurement, and for cases 
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in which there is a reasonable hope of restoring single binocular 
vision. The latter result is less frequently obtained in divergent 
squint than it is in esotropia. The cosmetic operation, however, 
should unhesitatingly be resorted to if the deviation is definitely 
noticeable. 

Fundamentally, the same principles apply in the surgery of 
exotropia as were discussed in detail in esotropia. There are some 
differences, however, which should be pointed out. A tenotomy 
of the external rectus, while not so apt to lead to subsequent paresis 
of the muscle, with secondary internal deviation, is of almost no 
value in correcting the outward deviation. Postoperative esotropia 
does occasionally follow complete tenotomy of the external rectus. 
It occurs less frequently than postoperative exotropia after tenotomy 
of the internus, but occurs with sufficient frequency to warn the 
surgeon against the practice of tenotomizing the externus. ‘The 
author has operated upon several cases which came under his 
care for the relief of this surgical error. Advancement of the 
internal rectus, on the other hand, does not admit of as much 
gain as advancement of the external rectus. A number of reasons 
account for this fact. In the first place, the internal rectus is 
attached nearer to the cornea and one is therefore more limited 
in the shortening of the muscle by an advancement. In the second 
place, the operative field is more restricted and the surgeon encoun- 


ters more difficulties. Third, the tendon of the infefoal rectus is 
short and the resection will necessarily include a ¥Qhsi erable part 
of the muscle. Slipping of the sutures is mor to follow. The 


young surgeon will, therefore, find that he ¢ gain as much by 
advancing an internal rectus as he will in icine the externus. 

Tucking of the Internal Rectus. Q? of the internal rectus 
for the reasons just given is not adyi Fa) t is limited in its applica- 
tion to moderate degrees of the vergence. and in the author’s 
experience, is of little value in dNergent squint. 

Advancement of one or ky internal recti is the operation of 
choice. This may be ned with moderate resection of the 
same muscles, and NY recession of the externi. In unilateral 
types, an advancer A the internus and a recession of the externus 
of the deviating Kioa be practised. If these combined opera- 
tions are nots cient to fully correct the squint, an advancement, 
and if nece eS a recession, of the same muscles of the other eye, 
should. ccd after the lapse of ten days to two weeks. Both 
eves WR be occluded for at least five days after the operation in 
oN bin when an advancement is performed. Following the 
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operation, stereoscopic exercises should be prescribed if the fusion 
faculty admits of training and vision is good in both eyes. 

Correction of Postoperative Exotropia.—The surgeon will be called 
upon to treat many cases of this unfortunate and avoidable condi- 
tion, so long as tenotomy of the internal rectus is practised. It 
would seem, from the number of these cases which one meets with in 
an average experience, that a correction of this condition should 
no longer be necessary. Protest from surgeons of repute have not 
been wanting in the past, but many allow these protests to go 
unheeded and continue to tenotomize. Some tacitly are conscious 
of the unsurgical character of the operation, and state that they do 
not aim to cut all the fibers, but allow the outermost strands to 
remain. Any surgeon of experience will testify to the fact that 
one does not see an appreciable gain after a tenotomy until all 
strands are cut. If the tenotomy is performed thoroughly enough to 
bring about a dimunition in the squint, every restraining band will 
have been severed and the muscle will retract. The student will, 
therefore, do well to discard tenotomies unless the cut end is stitched 
to the sclera at a point where it should become reattached. In a 
majority of instances, the outward deviation does not occur imme- 
diately, but comes on gradually after the lapse of one or more years. 
It is progressive and a deviation of from 50 to 60 degrees is not 
unusual. 

The condition can be corrected even after the lapse obey years. 
General anesthesia is better than local. The conju over the 
internus is incised, and a careful search: is i e retracted 
end. This will be found imbedded in the caps A careful exam- 
ination with the slit lamp has helped the before operation 
to note approximately the location of racted muscle. The 


| muscle should be grasped by forceps, : d, and brought forward 


=> 


with the capsule and should be rea ed to the sclera. For this 
purpose, silk sutures are best. Q ay be brought out through 
the conjunctiva and tied. HON sier to operate on recent cases 
than those in which years lapsed since the first operation. 
One can usually find th ‘acted muscle, however, even though 
years have elapsed. CS her operations, as a rule, are necessary. 
If the squint is definNefy a paralytic one and of long standing, it 
is advantageous tenotomize the opposing and probably the organ- 
ically oo and by a recesssion, attach it further 


back near e{juator. 
In eve tance, an effort should be made to find the cut muscle 
and a rit. The results usually are good. If one fails to find 
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the retracted end, the entire capsule in which the retracted end 
rests should be brought forward and attached to the sclera near the 
old tendon stump. The dissection necessary to free the conjunctiva 
from the sclera and capsule, helps to create a suitable raw surface to 
which the advanced capsule and muscle readily become attached. 
If this method of procedure is required, the opposing external rectus 
should be set back. 

Diplopia Following Operation.—In the author’s experience this 
symptom need not be feared. As in esotropia, if present at all, it 
is of a fleeting character. It should not be regarded as a contra- 
indication to operation, if the general character of the case indicates 
corrective surgical measures. 


HYPERTROPIA. 


A vertical concomitant deviation which exceeds the limits of 
hyperphoria is comparatively rare. In most instances, such a 
deviation is not strictly concomitant, but paralytic in character, 
and the surgery of vertical deviations. will be discussed more fully 
in the section on Paralytic Squint. 

Etiology.— The cause of most vertical deviations, non-paralytic 
in character, will be found in muscular anomalies, in faulty attach- 
ments, and in improper developments. A vertical balance is the 
rule at birth. Lateral deviations are normal in the Grek three months 
of infancy, or before the fusion faculty has Renfe sufficiently 
active to maintain a lateral balance. The v l balance, on the 
other hand, is present at birth. nea » in an average case, 


little can be done by fusion to overcor ore than 3 diopters of 
vertical deviation. 


There is a type of a 1s found in association with 


a similar type of eso- or exotrept in which the vertical deviation 


‘is as unstable as the lateral balawée, a purely neurotic type of squint. 


It oceurs in patients w ve other stigmata of the neurotic 
element. The nervous m is totally lacking in poise and the 
conjugate innervatio are in this instability. 


Seneca @ an etiological standpoint, concomitant 
hypertropia ma¥Je divided into two groups: (1) Those due to 
muscular a lies and (2) essential, neurotic hypertropia. Defec- 
tive fusio s not play a prominent role in either type. 

Di iation.—One should carefully discriminate between the 
Sey ypes in this group and especially between concomitant 

aN aralytic squint. Strictly speaking, the neurotic type is non- 
‘OQ 
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concomitant. The degree of deviation varies. But inasmuch as it 
is totally different in its etiology from paralytic squint, it more 
nearly conforms to the concomitant variety. ) 

Treatment.—Inasmuch as vertical deviations in this group of 
cases are usually found associated with lateral disturbance, the treat- 
ment is simply supplemental to the general management of lateral 
squint. 

Refraction.— Refraction is the same as in lateral squint with which 
it is associated. 

Fusion Training.— Fusion training is of no avail. Little can be 
hoped for even in hyperphoria if more than 3 diopters and practically 
nothing in manifest vertical squint. 

Prismatic Correctton.—As indicated in the section on Hyper- 
phoria, a vertical imbalance should be fully corrected by prisms. 
It is possible to incorporate 5 diopters of prismatic correction in 
each lens, making it possible, therefore, to overcome from 10 to 12 
diopters of vertical deviation. It is inadvisable, to resort to surgery 
unless the vertical squint exceeds this amount. 

Surgery.—If it is possible to determine whether the squint is due 
to an over-action or an under-action of one or more muscles, the 
character of the surgical indications is simplified. An under-action 
should be treated by an advancement. ‘This applies to the superior 
and inferior recti. An over-acting muscle due to an improper 
attachment: should be corrected by a recession o adon. A 
vertically acting rectus should never be tenotomized. LAN 

Any residual squint, if considerable, can be correc 
on the opposing muscle of the same eye. For exguple, if advance- 
ment of the right superior rectus fails to corre ownward devia- 
tion of the right eye, a recession of the righ4afNehior rectus may bring 
about the desired results. Any residugl tion under 10 diopters 
can be corrected by prisms. R 

Surgery is rather unsatisfactory 
recting the neurotic variety. 


y operation 


e other measures, in cor- 
ndamental condition is a lack 
of control. Basically, theref e treatment should be: (1) Con- 
stitutional, an effort beiitgXtfade to restore nerve balance; (2) 
amblyoscopie trainin Q 3) surgical. 

In the first, indicat are to place the individual in the proper 
environment, Ax add to this such measures as may tend to 
restore nerve bafayte, if this is possible. 

The fusigr Wo are so arranged as to allow one to elevate one 
tube to aN level than the other within limited scope. Practice 
may Q Saeed the ocular deviation. It rarely happens that 
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the stereoscope can be employed, because of its limitations. How- 
ever, if the squint can be brought to stable limits by suitable 
general and fusional training, operative measures may bring the 
deviation within reach of the stereoscope. As an end measure, if 
this is possible, the stereoscope may become of value. It will not 
correct vertical deviations, but tends to steady and restore balance. 
Fortunately, this particular form of hypertropia is rare. 

Surgery, if practised at all, should be resorted to only after 
careful study and should be directed to the lateral deviations first, 
with the hope that with the restoration of lateral balance, vertical 
squint may be brought within the correcting power of prisms. If 
this is not possible, surgery of the vertical muscles may be attempted. 
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tures may be the etiological factor. The latter condigt 


PART IV. 
PARALYTIC SQUINT. 


PARALYTIC squint, as it usually is called, differs so materially from 
concomitant squint that the two forms have little in common, 
aside from the dominating characteristic, namely, a deviation of 
the axis of one eye from its normal position in relation to the other. 
Even this deviation follows laws which are totally different in the 
two varieties. Notwithstanding the great dissimilarity of the two 
conditions, they are often confounded. 

Etiology.—As the name implies, paralytic squint, essentially, 
is a form of strabismus due to paralysis of one or more of the extra- 
ocular muscles. The paralysis may be the result of disease or 
injury of the muscle itself, or of disturbance of the nerve which 
supplies the muscle. Instead of disease or injury of the muscles 
and nerves, an absence or an anatomical defect of the Ñe struc- 
s probably 
he fact that 
ize a congenital 
he first place, the 


more common than is usually recognized, in spi 
such conditions date from birth. Failure to r 
paralytic squint is due to several causes. 
history as given by the average paren always trustworthy 
from a scientific standpoint, and in @th@fnstances, because of the 
irregular behavior of the eyes sho after birth under varying 
possibilities, the symptoms do nopglWays admit of definite classifica- 
tion without a careful study. 

Congenital Factors.—A to Whitnall! congenital factors 
are largely due to “err ‘Ns dev elopment by cleavage from the 
common premusculaf™ iyedoblastic mass.” The anomalies found 
in the dissecting rooMnd on the operating table would lead one 
to think that part ic squint from this source is of more frequent 
occurrence tha O e ded in the literature. There are, however, 
certain heat et ‘y forms of paralysis which may not be due to errors 
of deve QQ SY Congenital ptosis with paralysis of the superior 


= 1 Anatomy of the Human Orbit, p. 283. 
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| 
| rectus may be distinctly a familial type. Mr. E. Treacher Collins! 
| regards some of these cases as an abiotrophy of the eye muscles. 
In some instances the degeneration is found primarily in the muscle 
| fibers themselves. There may be no other symptoms than ptosis 
| and paralysis of the superior rectus. In other instances bilateral 
i ptosis may be associated with other symptoms. Of interest in this 
connection may be mentioned two unpublished cases of the author, 
congenital bilateral ptosis occurring in sisters, both of whom during 
adolescence developed a condition of myasthenia gravis. 

It is interesting to note that congenital complete external oph- 
thalmoplegia may occur without involvement of the ciliary muscle 
and the sphincter of the iris. An instance of this rare condition was 
reported by E. H. Cary.2. Cruzon and Hague’ reported a family of 
| external ophthalmoplegia in three generations. T. M. Lit observed 
the same condition in three members of a Chinese family. Cary 
| quotes Florenza’s classification of total ophthalmoplegia, as follows: 
| 1. Nuclear aplasia: Failure of the nuclei to develop. 

2. Intra-uterine: Nuclear dysplasia—an arrest of development 
If in fetal life, probably from an infection. 

i 3. Natal dysplasia: Injury of the nuclei at birth. 

I 4. Postnatal dysplasia from unknown causes up to five years, 
| because the nervous system is not completely developed before that 
| age. 

That it is possible to find congenital external 
with intact ciliary and sphincter muscle activ} 
Cary by the fact that the nuclei of the ocul 
from different portions of the neural tu ‘he somatic nuclei 
| may show arrest of development while risceral portion may be 
| intact and the sphincter of the iris ciliary muscle, therefore, 
are active. 
| Birth Injury.— Birth injury upaubtedly is responsible for many 
cases of supposed congenital gcufer muscle palsy and paresis. There 
| are differences of opinion how such palsies are produced. ‘The 
| greater frequency of p the left external rectus, as recorded by 
| Harold Gifford’ wou d to the belief that even moderate pressure 
in the birth E xplain many cases. In all probability many 
cases of heredita external rectus paralysis can be accounted for 
l by this meno It is interesting to record, however, that the last 


thalmoplegia 


or nerve develop 


1 Transg S of an International Congress, 1922. 
, 


2C Ny tions to Ophthalmic Science, dedicated to Dr. Edward Jackson, p. 122. 
3 NN mém. Soc. méd. d. hôp., 1920, p. 372. 
4 A Jour. Ophthal., 1923, 6, 816. 
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case reported by Gifford in his series was delivered by Cæsarean 
section, and that no evidence of injury was observed. When the 
paralysis is more wide-spread and not limited to a single muscle, 
nor even to one eye, it is probable that intracranial, and not 
peripheral trauma, is responsible. It should not be forgotten that 
increased intracranial pressure may injure the sixth nerve. Such 
increased pressure may be caused by direct compression of the skull, 
or by hemorrhage from within. When the paralysis is bilateral and 
other muscles are involved, some form of nuclear disturbance should 
be sought, either prenatal and inflammatory, or that brought about 
at birth by trauma. 

Acquired Palsies.— Birth injuries or obstetrical palsies really fall 
into this group, but inasmuch as they are acquired at the time 
of birth, we have included them in the congenital palsies. 

In the group of factors which may produce ocular palsy by involve- 
ment of the muscle itself should be mentioned trauma. In the 
previous section, reference was made to “postoperative palsies” 
due to free tenotomy of the internus. Although a tenotomized 
internus is more frequently followed by paralytic squint than 
tenotomy of any other ocular muscle, the same condition has been 
observed after tenotomy of other muscles of the ocular group. 

Perforating wounds of the orbit may sever one or more ocular 
muscles. Such conditions are not rare. Operations om the nasal 
accessory sinuses are occasionally followed by inj Ņ one of 
the eye muscles. In radical operations on the al sinus, if 
the trochlea is not properly replaced, paralysis he oblique is 
observed often enough to make the operator ul in the manage- 
ment of this part of the procedure. Th aor has studied at 
least one case of exenteration of the ds in which an inter- 
nal rectus was completely severed a Bi forceps as a grand 


finale to the operation. Similarly observed a paralysis of the 
inferior oblique after excision ọ$ the lacrimal sac. deSchweinitz! 
reported a paralysis of th t internal rectus following one 


hour after an intranasal RA n. At the same meeting, Green- 
wood placed on SN ocular palsy which followed a simple 
tamponing of the ne) here are instances of paralysis indirectly 
from trauma. Borttéy? reported a Weber syndrome (abducens 
palsy, with cro hemiplegia) which followed the improper intro- 
duction of ®stachian catheter, a remote consequence of local 
trauma ge obably infection. The lesion in this instance was 
\ 


~\ 1 Trans. Am. Ophthal. Soc., 1926. 2 Thid. 
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intracranial, a pontile involvement in which the injury was to the 
nerve rather than to the muscle. 

Aside from surgical and accidental trauma, disease of the sinuses 
is responsible for a considerable number of ocular palsies, due directly 
to involvement of the muscles, or to involvement of the nerves. 
Although the disturbed muscle balance in most of these cases 
takes the form of a phoria, complete paralysis may follow in some 
instances. The reason for this possibility is to be found in the close 
relation of the sinuses to the orbital contents. The annulus of 
Zinn, which surrounds the optic foramen and forms the common 
source of origin of five of the ocular muscles, is in close juxta position 
to the sphenoid. The internal recti on the other hand, are in inti- 
mate relation with the ethmoids. The superior oblique has been 
observed to suffer in advanced frontal sinus disease; the inferior 
oblique bears an intimate relation to the lacrimal sac and groove 
the latter often undergoing necrosis during chronic dacryocystitis. 
Injury to and disease of the muscle itself occur less frequently than 
direct damage to the nerve supply. They nevertheless occur with 
sufficient frequency to be regarded as possible factors to be con- 
sidered in searching for the cause of an ocular palsy. 

A direct blow upon the eye is capable of producing a complete 
or partial external and internal ophthalmoplegia. This may be 
brought about by hemorrhage, or by direct injury to the nerves 
as they emerge from the skull into the orbit. It ys question, of 
course, as to whether the injury has a direct acti on the muscle 
structures or upon the nerves which supply Although the 
accompanying internal ophthalmoplegia ( sis of the sphincter 
of the iris and of the ciliary muscle) ead one to think that 
the injury may be direct nerve inju possibility of damage to 
the muscles cannot be definitely oye . The fact that most of 
these cases eventually recover weapons restoration of function 
would tend to indicate that pesstly direct nerve injury is the great- 
est factor. Very ee tr to the cornea has been followed by 
loss of action in WENN incter at one point with subsequent 
recovery. This fac uld lead one to the conclusion that the 
same may È the extra-ocular muscles. It is probable, 


however, that bos muscles and nerves share in this type of trau- 


matic par 
Etiologi Se Affecting the Nerves.—It is difficult to classify 
tee In the first place, one can group such factors with 


N to the part of the neuron which is involved. To include 
entire neuron such lesions may involve: (1) The higher centers 


ETIOLOGICAL FACTORS AFFECTING NERVES 227 


in the brain cortex; (2) the communicating fibers which connect these 
higher centers with the basal nuclei in the floor of the fourth ven- 
tricle (injury or disease of these parts are manifest in the form of 
conjugate palsies); (3) the nuclear centers in the floor of the fourth 
ventricle; (4) the fascicular fibers which unite to form the several 
nerve trunks; (5) the nerve trunks; (6) branches of the nerves; (7) 
the peripheral parts of the nerves. In the particular phase of the 
subject under discussion, conjugate palsies will be excluded for the 
time, but will be discussed in a separate section. Furthermore, 
it seems best to arrange these factors from a clinical rather than 
from an anatomical standpoint. 

Such factors may be: (1) Traumatic; (2) inflammatory and 
vascular; (3) neoplastic, and (4) toxemic. 

Trauma.—Trauma may be direct or indirect and may affect the 
muscles themselves, the nerves supplying them, or both. The injury 
may involve the orbital structures, or be intracranial. Instances 
have been cited in which ocular palsies have followed orbital injury. 
Bullet wounds, or perforations of the orbit by sharp instruments 
and foreign bodies, direct blows upon the eyeball and the orbital 
contents and intranasal operations are all capable of producing 
paralysis of one or more ocular muscles. The relation of cause and 
effect is patent and not difficult to determine. No less traumatic 
in origin, but more obscure, are the instances of ocular palsy and 
proptosis.of the eyeball following spontaneous Subperigaige: hemor- 
rhage, which may occur during a paroxysm in Whe Ag-cough, 
or in scurvy, especially in young children. ese diseases, 
subperiosteal hemorrhage is common. 

Intracranial trauma may be direct or inde Fracture of the 
base of the skull is usually accompanie O h nerve palsy. The 
palsy may be due directly to the fractu ompression by exudate 
thrown out, or to hemorrhage. In X&majority of instances, diplopia 
is present shortly after the fractufedecurs, and disappears during 
convalescence. When the six@y nerve palsy appears sometime 
after the injury, it is apt t he result of pressure from exudate 
and blood. In some in s, the nerve is torn at the time of the 
injury. In the autl ry perience, sixth nerve palsy after a head 
injury is strong TE evidence of a basal fracture even 
though the Rognggen-ray plate may fail to disclose a line of fracture. 
The eee iplopia should be routinely sought in all head 


injuries ev ough the patient may not complain of its presence. 


ok 


ASIN direct injury in a basal fracture, or from blood extra- 


rom such injury, a large meningeal hemorrhage from a 
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blow with or without a depressed fracture of the skull, may be 
followed by a sixth nerve palsy from increased intracranial pressure 
alone. The exposed course of this nerve after it emerges from the 
brain and before it leaves the skull, renders it peculiarly liable to 
suffer from a remote injury to the skull or from blood extravasation. 
It may, therefore, be present in fractures of the vault of the skull 
or simply from blood extravasation following a blow on the top of 
the head. 

The other ocular nerves are not so apt to be paralyzed in skull 
trauma, although severe injury and blood extravasation may involve 
the fourth and branches of the third nerve as well. 

Inflammatory and Vascular Causes.— Probably the greatest 
number of ocular palsies are caused by inflammatory and associated 
vascular disease. Of these processes, syphilis heads the list. For 
the most part syphilitic palsies are of intracranial origin and usually 
are due to syphilitic meningitis. The third nerve or one of its 
branches is more frequently involved than the fourth or sixth. 
As an isolated palsy due to syphilis, ptosis is most common. Com- 
plete third nerve palsy is usually of trunk origin, the nerve being 
compressed in an inflammatory mass. Gummatous growths or 
inflammations may also occur in the deeper structures of the brain 
and involve the nuclei. It is probable that isolated ptosis may be 
of nuclear origin or fascicular, although there is evidence for and 
against the same. The fourth and sixth may al e paralyzed 
by the same process alone or combined with ther nerves 
of the eye. In the orbit, syphilitic perio , which usually 
involves the upper and inner orbital rim, e associated with 
palsy of the superior oblique. Chronic Gocystitis accompanied 
by bone necrosis may cause involvguyén} of the inferior oblique. 
The relation of internal ophthalmokRlegia’ to lues as a cause is well 
known. 

Basal tuberculous meningitis Q well-established factor in many 
cases of ocular palsy. In any form of basal meningitis may 


act as a cause. 

Paralysis due to Chic pathology is perhaps less frequent 
than that of nas Q gin, but quite common. The Gradenigo 
syndrome of ablugns palsy, associated with middle-ear disease 
and GasserianGaanglion pain, is of more frequent occurrence than 
one Ro ed to believe from a review of the literature. The 


most @ te review and analysis of this syndrome is that of 


WIRA Sears.! 


1925, 


Wiens Paralysis of the Abducens, Trans. Am. Laryngol., Rhinol. and Otol, 
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The sixth nerve may be involved homolaterally, contralaterally, 
or bilaterally. The former is usual; crossed paralysis and bilateral 
involvement are rare. The onset is rather late, appearing from 
ten to thirty days, but occasionally as late as two months, after the 
otitis media is noted. Factors which seem to account for sixth 
nerve palsy are direct extension of the tympanic pus or the toxic 
process “inwardly through the pyramid to the apex.” This is 
especially found when the bone is extensively pneumatized. Indirect 
routes are many. ‘The process may follow along veinous channels 
to the petrosal sinuses and jugular bulb by thrombophlebitis, 
or along any of the numerous tracts which carry nerves and vessels, 
along the lymphatic stream, by a pachymeningitis or leptomeningi- 
tis, or from an extradural abscess. Edema of the structures sur- 
rounding Dorello’s canal, with the resulting pressure on the sixth 
nerve causes the paralysis. To these avenues of attack, Cushing! 
adds the possibility of pressure by the basilar artery in the presence 
of serous meningitis. 

Occasional contralateral and bilateral paralysis by pressure of 
the basilar artery in the presence of serous meningitis is explained, 
by coincident contralateral sphenoidal sinus disease, by direct con- 
tact with the sixth nerve and by increased intracranial pressure, 
which may follow ligation of the internal jugular vein. ` 

For a more complete study of this interesting syndrome, the reader 


is referred to Sears’ article ş 

Inflammatory processes in the orbit, which lead ular nerve 
palsy, are mostly of sinus origin. Attention has called to the 
relation of the orbital contents, and particulaz{\ the muscle cone, 
to the sphenoids, ethmoids, and the frontaB.\A diseased antrum 
is possibly less likely to lead to paralysi are the other sinuses. 
It is worth recording that many acute palsfes of sinus origin may be 
due to acute sinus disease without e necrosis, and that prompt 
opening, particularly of the sphertefd, followed by irrigation, in 
many instances brings about } diate recovery. 

The author has obserye mber of cases of isolated ocular 
muscle palsies due to thi Se. One case, in particular, will serve 
to illustrate the gr young man, aged twenty-two years, 
suddenly developedNpéralysis of the right internal rectus. All 
laboratory and on studies proved to be negative with, however, 
a suspicion IA noidal involvement. Opening up of the sphenoid 
and irri N were followed within twelve hours by complete 
restora N function of the paralyzed muscle. 

1 Brain, vol. 33, 204. 
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A serious cause, from a prognostic standpoint, is that of cavernous 
sinus thrombosis. The rapidity of onset, the completeness of the 
ophthalmoplegia, associated with proptosis and the rapid spread 
to the other eye, are a well-known sequence of events, which lead 
to a fatal issue. On the other hand, one occasionally meets with a 
toxemic form, similar in character, in onset, and development, 
but which results in recovery. The author observed a case of this 
character several years ago with this happy result. A priest, 
aged thirty-five years, suddenly developed proptosis, first of one eye, 
then of the other, with complete ophthalmoplegia, an irregular 
temperature, accompanied by chills and slight delirium. A blood 
culture showed the presence of the pneumococcus. A small patch 
of central pneumonia was discovered. Under intravenous medica- 
tion, recovery gradually took place, with complete restoration of 
function of all the ocular muscles. 

In this group should be noted recurrent third nerve palsy, also 
called “ophthalmoplegic migraine.” Although the third nerve, or 
one or more of its branches is usually affected, paresis of the fourth 
and sixth nerves has been noted either singly or associated with 
third nerve involvement. The onset with pain followed by ocular 
palsy, its spontaneous recovery. and its periodicity are its chief 
characteristics. Its exact etiology is unknown. Syphilis, tubercu- 
losis, malaria, pachymeningitis, hysteria have all been assigned as 
causes, but many cases have been observed in whi ach of these 
conditions has been ruled out. It is probable it bears some 
definite relation to the sensory forms of mi in its etiology. 
Just what the underlying cause is, remains determined. Vaso- 
motor disturbance may account for the s@&gety form, but it does not 
satisfactorily explain the duration ymptoms of the ophthal- 
moplegic variety. 

Ocular palsies are observed i Srna and in diabetes. Vascu- 


lar disease, hemorrhagic an matous conditions are probably 
responsible. Influenza, hemorrhagic encephalitis, lethargic 
encephalitis are all wel n causes of ocular muscle palsies, for 
the most part infec in origin. Other causes which should be 


included in this are multiple sclerosis, acute bulbar paralysis, 
brain abscess, a anterior poliomyelitis, paralytic dementia, 
vascular diago, including arteriosclerosis, aneurysm, thrombosis, 
embolism @) rupture, myasthenia gravis, and spinal anesthesia. 
The | Qe should be specially stressed. Paralysis of the external 
rect s been observed a number of times. It comes on rather 

tely two weeks after the spinal anesthesia. Recovery, as a 


on is assured. 
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Neoplastic Causes.—Tumors of the brain are often accompanied 
by partial or complete ophthalmoplegia. They may produce a 
paralysis by direct pressure or by increased intracranial pressure. 
Syphilitic gummata, if included in this group, are responsible for 
many cases. As a rule, action is direct, the nerves or nerve centers 
being imbedded in the gummatous masses. ‘Tumors in remote parts 
of the brain may cause sixth nerve paralysis by increased intracranial 
pressure. This is particularly true of tumor of the posterior fossa 
which are apt to cause stretching of the arteries around the nerve 
stem. -Cushing has observed “in cases of extreme constriction, 
the nerves may be found degenerated, and replaced by scar tissue 
at the point of constriction.” He further points out that “con- 
vergent squint may disappear after the successful removal of a 
cerebellar tumor.” | 

Sixth nerve palsy due to brain tumor is not of much localizing 
value, therefore, because it usually is caused by increased intra- 
cranial pressure. Of more localizing value are the single or multiple 
palsies which occur from syphilitic gummata. 

Tumors of the orbit are apt to lead to more or less complete 
ophthalmoplegia because of the compression of the retrobulbar 
structures. In the early stages, however, of a new growth of the 
orbit, the paralysis may at first be confined to a single muscle, 
others becoming involved as the growth develops. 

Toxic Causes.—Although chronic nephritis and diaaes might 
be included in the toxic group, they more correctly g to the 
vascular and inflammatory causes. The acute @etious fevers 
which are apt to lead to paralytic squint are S heria, influenza, 
typhoid fever, and malaria, although N cases have been 
observed after any of the infectious dise or childhood. 

Among the intoxicants are lead, “2G other drugs, ptomain 
poisoning, spinal anesthesia, etc. 

Symtomatology.— The a ON paralytic squint may be 
discussed: (1) From the stan jnt of signs and symptoms upon 
which the diagnosis of an palsy is based; and (2) from the 
standpoint of correlated ýł&ptoms in order to arrive at an opinion 
as to the character Nion of the lesion. The first is essential 
in the diagnosis TEUS of the palsy, and the second is neces- 
sary from the Acs dies of prognosis and treatment. 

Primary Deyration.—If one of the lateral rotators is paralyzed, 
squint is ew upon even a casual inspection. Inasmuch as the 
antago the paralyzed muscle is intact, the eye will deviate 
torar AN non-paralyzed lateral rotator, or away from the para- 


232 “T PARALYTIC SQUINT 


lyzed muscle. The degree of deviation from “eye front” will be in 
direct proportion to the completeness of the palsy. If the palsy is 
incomplete, there may be no: appreciable deviation of the eye from 
parallelism by ordinary inspection. If, however, the patient is 
asked to fix at 6 meters, and the position of the corneal reflection of 
a small electric light, held directly in front of the patient, is noted, 
even a moderate paresis may be detected. The corneal reflections 
will not occupy the same relative positions with reference to the 
pupillary centers. The presence of a positive or negative angle 
kappa, must of necessity be determined if the paresis is moderate 
in degree. If the right internal rectus, for example, is paralyzed, 
the corneal reflex in the right eye will be found toward the inner 
edge of the pupil, because the intact external rectus produces a cer- 
tain amount of external rotation. 

When a vertically acting muscle is paralyzed, ordinary inspection 
may not disclose much if any vertical deviation. This is due to the 
fact that there are two muscles active in each cardinal vertical 
movement, and the displacement is not so marked even in complete 
palsies. The test by means of the corneal images from an electric 
light must usually be employed to detect vertical deviation. 

The cover test is always of value in determining the presence 
of paralytic deviation, either in lateral or in vertical rotators. In 
moderate degrees of squint, however, it does not definitely differ- 
entiate paresis from a phoria. As the cover is passed {rom one eye 
to the other, and the position of the paralyzed eye Ka fully noted 
under cover, the deviation becomes manifes ne may also 
observe the eye, as it is uncovered to fix or istant object and 
its movement may be noted. Its behavi ad the cover is quite 
conclusive. Furthermore, as the SS: is used in the deter- 
mining of secondary deviation, by Cin the behavior of the 
eyes behind the cover, one PPAR etter idea of the relation of 
primary to secondary deviation. O 

Secondary Deviation. — Undgp,normal conditions, when a patient 

oy 
Z 


is asked to fix a distant o he will fix with the non-paralytic 
eye, the eye with the Ry muscle undergoing deviation. This 
is called primary dev N If the normal eye is covered and the 
patient is asked a distant object with the paralytic eye, the 
normal eye is gbsefVed to assume the position which the affected 
eye assume : rimary deviation. This assumed position of the 
normal ey nown as secondary deviation. If one carefully notes 
the p SS of each eye under cover in these experiments, it will be 
observes furthermore that the primary deviation of the paralyzed 
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eye is less than the secondary deviation of the normal eye. The 
reason for the difference in the amount of deviation is as follows: 
The innervation required of the non-paralyzed eye to fix when the 
paretic eye is covered, is a normal innervation, the paralytic eye 
simply failing to follow in this conjugate movement because the 
yoke muscle is paralyzed. In secondary deviation, when the par- 
alytic eye fixes, in primary position or “eyes front,” a greater effort 
is required to hold this eye in position because of the paralytic 
muscle, and this same excess of energy goes into the yoke muscle 
of the non-paralytic eye, causing it to deviate excessively. For 
example, if the right internal rectus is paralyzed, in the cover test 
or without the cover test, the right eye will deviate to the right while 
the left eye fixes. In secondary deviation, if the cover is applied 
to the left or normal eye, and the right eye is forced into fixation, 
it will be noted that the left eye will be turned to the left, and to a 
greater extent than was the primary deviation of the right. Strictly 
speaking, these movements to the right and left are not wholly 
brought about by the conjugate muscles, but by thesynergists of each 
group; inasmuch as the movements are weakened by a paralysis of 
the chief muscle in the group of synergists, we speak of the action 
as though it were limited to a single muscle, the conjugate of the 
fellow eye. 

Ordinarily, as one inspects a patient suffering from paralytic 
squint, he observes the primary deviation. It so hapjens in a 
few instances, however, that secondary deviation a present 
and not primary. This takes place when the non-Aayalytic eye is 
amblyopic. In such instances, the paralytic ossessing the 
better vision will assume the role of fixation, ag Qondary deviation 
will be present in the non-paralyzed eye, $) à fact can be deter- 
mined by a study of the limitation of ment of each eye and 
by the fields of fixation. The phendtenon is not often observed 
without the cover test, but it is of icient importance to confuse 


the student in correlating his sy@ptoms if he is not on the look-out 
for its occurrence. If cases tudied, as they should be, in a 
routine manner, the pr ôf amblyopia or of much reduced 


vision in one eye wi D the student upon his guard for the 
detection of this pos§biħty. . 

Limitation of Megvement.— More conspicuous than primary devia- 
tion is the vary p$ dree of the angle of squint. This is due directly 
to the paraly uscle. When the eyes are turned in a direction in 
which t Se muscle is not an important factor, there is little 
if cA able deviation. When, however, an attempt is made by 


S 


© 
ww 


O 


234 PARALYTIC SQUINT 


the patient to look in the direction of the paralyzed muscle, the 
afflicted eye responds but feebly, and finally comes to a standstill, 
while the fellow eye makes its complete rotation. Limitation of 
movement, therefore, is an important diagnostic factor in the study 
of paralytic squint. For example, when a patient suffering from par- 
alysis of the left external rectus attempts to look to the left (i. e., in 
the direction of action of the paralytic muscle), the left eye may fail 
to move beyond the center, or at most may only be rotated outward 
15 to 20 degrees. The right eye, however, makes its full rotation 
because it responds normally to the bilateral innervation to the left. 
Limitation of movement is most noticeable in paralysis of one of the 
lateral muscles, to a less degree in paralysis of the vertical recti, 
and least of all in paralysis of the obliques. If an elevator or 
depressor muscle is under study, the limitation should be noted 
not only in the cardinal directions, but in the oblique directions 
as well. One must clearly bear in mind the normal action from 
primary position and the maximum vertical pull when the eyes are 
turned in the opposite direction. The right superior rectus, for 
example, from eyes front, normally rotates the eyeball up and in, 
but the maximum vertical elevation of the eye is obtained by this 
muscle when the eye is rotated to the right—the right superior 
rectus being a right-hand elevator. In paralysis of the right 
superior rectus, therefore, there will be limitation of movement 
up and in, but greater up and out. According to E. M. Landolt,! 
the up-and-in movement will be less than the up- out movement. 
In the author’s experience, the greatest limitati js in the direction 
of the normal maximum vertical pull of these This corre- 
sponds to the field studies of Landolt, @)dwn in Fig. 86, which 
is an anatomical field of fixation simi@“to that of the Landolts. 
The limitation in this field is up aQd Jn¥ or in the direction of the 
maximum pull of the inferior ob The position of the paralyzed 
eye will be influenced by the akton of the five ocular muscles left 
intact. In this paralysis, thyefore, the eye will be down and in. 
Although the maximum d in movement is brought about by the 
inferior oblique, thingy ment is set under way by the superior 
rectus. O 

An up-and-ou{igitation will also be noted. The extreme up-and- 
out rotation accomplished by the superior rectus, but it is set 
under way, er inferior oblique. When the paralysis of a given 
muscle Ore partial, there may be some difficulty in detecting any 


$ 1 Defective Ocular Movements and Their Diagnosis, page 44. 
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limitation of movement. Under these circumstances, a symptom 
which is very characteristic, as a rule, is of value. Instead of a 
| noticeable restriction in the rotation of the eye, the observer will 
observe, when the eye reaches the extreme end of the rotation, 
| there will be coarse nystagmoid or jerky movements of the afflicted 
| eye, while the opposite eye remains in position of extreme rotation. 
| This symptom is quite characteristic and indicates that the muscle, 
| although not completely paralyzed, cannot sustain its full innerva- 
tional stimulation. When a complete palsy, on the other hand, 
shows evidence of improvement, this jerky nystagmoid movement 
is one of the earliest signs of recovery. 


Fig. 86.— Anatomical field of fixation e eye affected with paresis of the 


inferior o Le. 


If carefully observed, limi O of movement is quite illuminating 
from a diagnostic stand . It serves as a third differentiating 
sign between concoms nd paralytic squint, the first, as already 
pointed out, being Ges, in the angle of squint in various parts 
of the field of fixGapn, and the second, the excess of the secondary 
deviation over primary which does not obtain in concomitant 
squint. WO 
If th NÀ oubt in the mind of the observer that a limitation of 


TS exists, a more graphic method of study may be employed, 
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namely a study of the field of macular fixation. This study is made 
on the perimeter in one of two ways, either by a subjective or by an 
objective method. 

Perimetric Measurements.—In the former, or subjective method, 
the patient is seated before a perimeter, as though the visual fields 
were to be taken. One eye is blindfolded and care is observed that 
the patient’s position is correct for the eye under observaton. The 
test object consists of a card on which is printed a word in type 
sufficiently large that the patient can read it distinctly. If the 
patient is presbyopic, the type must necessarily be larger. ‘The 
test card is now moved along the arm of the perimeter in a horizontal 
direction, and the patient is instructed to follow the card with his 
eye, without turning the head, until the type blurs. This will indicate 
the extreme point of rotation in that direction. Eight points of 
study at least are essential, the four cardinal directions and the 
oblique meridians between the cardinal directions. When in the 
field of action of the paralytic muscle, an even greater number of 
points of study should be made so as to obtain a more accurate idea 
of the limitation. Care should always be observed that the letter 
in the most extreme periphery is the real test to be depended on, 
otherwise an error of 5 or even 10 degrees may be made in the 
measurements. 

The results obtained may be charted on an ordinary perimetric 
chart, as illustrated in Fig. 87, and the points may\be connected 
by lines. The finished chart will give one a EER 
of the limits of rotations. 

The objective method which is less accura s follows: Instead 
of using the test object as described ab (9) e patient is asked to 
follow a small electric light which is Oe along the arc of the 
perimeter until the extreme limit of fot§tfen is reached. The opera- 
tor standing back of the perimeté& right over the light, notes when 
the corneal reflex is perfectly cepted in the pupil. The degree of 
rotation is read off from the (@yimeter and recorded. The study of 
the other parts of the fiel otation are made in a similar manner. 
Results by this metre not so accurate as by the subjective 


method just descr] 
The method oŃ rgcording the field of rotation, as practised by 
the author, „syes much time and is quite as satisfactory as the 


perimetric method Fig. 36 p. 74. 
A cay omparison of the fixation fields of the two eyes will 


N eresting and accurate information. For example, let 
S ent carefully observe a field of rotation of paralysis of the 
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left external rectus. He will note that the excursion in the hori- 
zontal meridian is less than the excursion up and out, and down and 
out. The intact vertically acting muscles carry the rotation further 
out and up, and out and down than the external rectus can carry the 
eye in a horizontal direction. This indentation in the horizontal 
meridian differs materially from the curve in rotation when present 
in a concomitant lateral squint (Fig. 78). In the latter, the hori- 
zontal limit is greater than the lateral limit up and out, and down 
and out. This difference in the fields of rotation offers a fourth point 
in the differentiation between a paralytic and concomitant squint. 


195 180 ® 
Fic. 87.— Method of recording the fidels offixation (anatomical). 


be measured on Stevens’ tr eter. This instrument is well 
adapted to measure the Gi s in the cardinal directions, but 
does not lend itself to ob Shon which are quite as important. 
Furthermore, the "Gap is rather cumbersome, and adds 
another instrument, to“éne’s equipment which is unnecessary if the 
same studies are ge on the perimeter. In the author’s experience, 
the perimetrjgXwethod is quite as accurate as the tropometric 
method. A 


False Pxgjéction and False Orientation. — In paralysis of one or more 
SA the patient is unable to accurately locate an object 


Tropometric M Sieves i rotating power of the eye may 
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| in space, because the object does not fall upon corresponding 
| retinal points. The object fixed by the macula of the normal eye, 
is to the inner or outer side, or above or below the macula of the 
I paralyzed eye, as the case may be. This gives rise to an uncertainty 
| in the gait and in the execution of ordinarily simple acts, which, 
however, demand careful coördination of both eyes in binocular 
| vision. The patient tends to locate the false image by the ordinary 
| amount of rotation required under normal conditions to bring the 
macula in place in binocular single vision. For example, if the left 
eye is turned in 20 degrees because of paralysis of the external rectus 
| muscle, the image of the point fixed will fall 20 degrees to the inside 
of the left macula. 


Fig. 88.—False projection paralysis of the left external rectus. 


| © 

Ji In Fig. 88, F repre Oy. macula of the right eye and F! that 
Hi of the left eye. bject O falls upon F in the right eye and 
upon F? in the lét ayé, 20 degrees to the inner side of the left macula 
ij F'. In noryal “conditions, there would be an impulse to 
i rotate F! 20\deerees inward, equivalent to an outward rotation of 
[i the cor degrees to bring O! to O, or F! to F?. Ina state of 
ii NS the same condition obtains but the premise is false. O 
i} a on F? instead of F!. The same mental act prevails, but the 
| be) 
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projection of O is to the position of O? because O falls upon F? 
which is 20 degrees to the inner side of F! and the projection is as 
though F? were moved to F?, which is 20 degrees to the inner side 
of F?. The projection is a false mental projection. The false 
projection is in the field of action of the paralyzed muscle. 

When a patient fixes an object within his reach, and is then asked 
to point to the object, the normal or fixing eye now being occluded, 
he will point beyond the object in the direction of the paralyzed 
muscle. He “pass points,” so to speak. If he is asked to walk to 
a distant object under the same conditions, he will also tend to walk 
too far in the direction of the paralyzed muscle. 

The degree of false projection will depend upon the degree of 
paralysis and upon the length of time the paralysis has existed. 
After a time, patients learn to correct the error, and by a little prac- 
tise, they can point to or walk towards an object with a fair degree 
of accuracy. 

Another factor probably enters into false orientation and false 
projection. The amount of innervation required to bring an eye, 
suffering from a paralyzed muscle, into fixation may influence the 
misinterpretation of the location of an object. 

Landolt’s apparatus may be used to accurately measure the degree 
of false projection. For lateral palsies, the apparatus consists of a 
horizontal board attached to a wall by hinges. The horizontal has 
an indentation for the patient’s neck. Under the bons gelpranged 
a tangential scale to the right and left of the cena With the 
non-paralyzed eye closed, the patient is asked to underneath 
the board, to the vertical line in the center. mount of error 
on the tangent can be read off in degrees of projection. The 
value of the instrument lies in the nal iO the patient to see 
just where his finger points in the ¢e or clinical work, the 
apparatus is not essential, as the ing Toul test’ of von Graefe 
is sufficient for all practical purpases 
symptom of which the patient 
a most valuable guide from a 
e vision or diplopia. It is this symp- 
tom and the discomf ed by it that leads the patient to consult 
the oculist. EssentiaWait is a symptom of paralytic squint, and is 
rarely observed % e concomitant variety. With the deviation 
of the eyeball LON parallelism with its fellow eye, caused by the 
action of Qħtagonists against a weakened or totally paralytic 
muscle, ~~ nuscles, there appears in the patient’s field double 
yee objects fixed by the eyes. The true and false images are ` 

ne) 


Diplopia.— The most distres 
complains, and at the sa 
diagnostic standpoint, is 
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separated, and the fusion faculty cannot operate satisfactorily, 
because of the paralytic muscle, in the interests of single binocular 
vision. Which is the true image and which the so-called false 
image cannot always be determined by the patient in the first days 
of diplopia. In other instances careful analyses are made by the 
patient and he can furnish most valuable assistance to the surgeon 
in arriving at definite conclusions as to the affected muscle or 
muscles. 


UP AND RIGHT UP UPAND LEFT 
RIGHT LEFT 


DOWN and RIGHT DOWN DOWN ANDLEFT 
Fic. 89.— Points to be studied in the diplopia field, bezine C, or center. 


Method of Studying Diploma.—Studies iplopia are greatly 
facilitated by the use of a red glass ove of the eyes, so as to 
enable the patient to clearly distingul era oh the images of the 
two eyes, and to determine the ©) e position which the false 
image bears to the true one. Q'hèfollowing phases need careful 
analysis in determining which@yt scle is paralyzed: (1) The rela- 
tive position of the two images when the eyes are directed forward; 
(2) the cardinal tren Ri the separation is greatest; (3) in 
vertical diplopia, t Gis um vertical separation on looking to 
the right or to the in addition to the cardinal directions of the 
separation; (4) €heydbliquity of the false image; (5) in a certain pro- 
portion of cases,the direction of maximum lateral separation; (6) 


the questig the crossed or uncrossed character of the diplopia. 
For rea which will be fully set forth, the fifth and sixth phases 


of t AÙ ject are of least importance from the standpoint of annoy- 
anc& the patient and from the standpoint of trustworthy evidence 
wa\liagnosis. 
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Vertical separation is the symptom which causes most distress 
to a majority of patients, while the obliquity of the image in a 
limited number of cases offers the greatest discomfort. Lateral 
separation is least distressing. 

A study of diplopia must proceed in an orderly and methodical 
manner, and if so approached will rarely offer difficulty even to the 
beginner. The investigation should be conducted in a dark room 
if possible, or at all events in a room in which the light is much 
reduced. A red glass should be held by the patient in front of one 
eye. It matters little which eye is selected. The examiner takes 
his place 1 or 2 meters in front of the patient. For this study, a 
lighted candle may be employed, or the light of a luminous ophthal- 
moscope or, better than either of these, a rod of light 3 or 4 inches 
long will be of special value in determining the tilting of the false 
image. 

The light is held directly in front of the patient on a line with his 
vision. If double images are present the fact is noted, together with 
their relative positions. If diplopia is absent in this part of the 
field, or if present, the operator proceeds to the second step of 
investigation, namely, to pass the light up and down:from the 
center and to right and left of the center, to determine in which of 
the four cardinal directions the diplopia appears and the separation 
increases. It is an established fact that diplopia increases in the 
direction of the normal field of operation of the paralyze muscle. 
For example, the external recti muscles move the ON npleward; 
therefore, in paralysis of an externus the eye is d in by the 


antagonists, and the diplopia increases toward emporal field, 
or in the direction of the muscle. A diplo O Rerefore, which is 
developed or increased on turning the ey SO Nihe left, would indi- 


cate a paresis or paralysis of a left- in r, 2. e., either the left 
external rectus or the right inter O rectus i later al diplopia a 
third step is necessary. One must (2 ye mine which is the true and 
which is the false image, and & oGpich eye the false image belongs. 
The first of these tests is ao" m quantity. By false projection, 
the so-called false BN tvs the distal image. If the eye is 
rotated in, the false is projected outward, and the outward 
projection is in dirgct D to the inward rotation. It is 
established, there, that the distal image belongs to the paralytic 
eye, so to spea It only remains to determine by means of the 
cover test, ter still, by means of the red glass, to which eye 
the aN Mabe belongs. In diplopia increasing to the left, if the 
red g a AS before the left eye, and the red image is to the 


242 . PARALYTIC SQUINT 


left of the yellow light, the false image must belong to the left eye. 
The left external rectus, therefore, is readily selected as the paretic 
muscle. 

The beginner may be confused in lateral diplopia by the fact that 
there may be two objects in the upper and lower left-hand quadrants 
as well as in the left horizontal meridian (Plate, IV). A careful 
analysis, however, will reveal the fact that it is the lateral separa- 
tion which is greatest, and that the vertical separation is slight or 
almost absent in the upper and lower quadrants. The cardinal 
direction of the diplopia is to the left, and it, therefore, impeaches a 
left-hand horizontal turner. 

When the upper or lower field shows the greatest tendency to 
separation the analysis must go a step further. Diplopia in the 
upper field throws suspicion upon the four elevator muscles—the 
two superior recti and the inferior obliques— because these muscles 
are elevators or upward rotators. The same is true of the lower 
field. If the vertical separation of the images increases in the 
lower field, one of the depressor group is involved. The patient 
is now asked, as the light is passed up, and to the right, and up and 
to the left, does the vertical separation increase on looking to the 
left or to the right? If to the left and up, a left-hand elevator is 
involved as the diplopia increases in the direction in which the 
paralyzed muscle acts, ad maximum, as an elevator. “The image 
is as the muscle was,” as Maddox has aptly put it. (here are two 
left-hand elevators, the left superior rectus and right inferior 
oblique. By means of the red glass, the eye to whi the false image 
belongs is easily selected. If the red glass is(ICed before the left 
eye, and the red image is higher than the ow light, the left eye 
is the eye to which the paralytic musg ongs—paralysis of the 
left superior rectus. Q 

The student asks “Does not ¢hft superior rectus move the 
eye up and in?” Yes! Why 1 shall it be regarded as a left- 
hand elevator? The superje rectus primarily turns the eye up 
about its horizontal axis, oy secondarily, it turns the eye in, and 
rotates the upper er g e vertical meridian of the cornea in. 
When, however, Lig is rotated outward 23 degrees or more, 

e 


plane coincides with the antero-posterior 


i. e., when the ey 
axis of the globe, There can be but one direction of movement, and 


that will Ke ght up. Theoretically there will now be no lateral 


pull, and rsional action, but all the kinetic energy of the muscu- 
lar ANY ‘tion will be spent in a direct upward pull. Because, 
ii , the left superior rectus moves the eye up ad maximum 
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when the eye is turned outward or to the left, it has been very 
appropriately called (Duane) a left-hand elevator. If this is its 
function in health the vertical diplopia must necessarily increase 
when the patient attempts to look in this direction when the muscle 
is paralyzed. The false image is in a direction opposite to the 
deviation assumed by the eye in paralysis. It will be helpful to the 
student to know that his diagnosis of the muscle involved is correct. 

In order to do this in a diagrammatic manner, observe that in 
Fig. 90 LSR is the paralytic muscle. Two muscles with a down- 
ward pull oppose one with an upward pull. The strength of LI R 
and LSO is greater than that of LIO, therefore, the eye will be 
displaced downward. Two muscles, LJO and LSO, have an out- 
ward pull against LI R, which rotates toward the nose. ‘Therefore, 
the eye will be displaced outward and downward. If the eye is 


Frc. 90.— Diagram showing the normal action of each musce 1 “eye front.” 


down and out the false image must be up ante fa) i. e., in the direc- 


tion which the left superior rectus norm ts from, “eye front.” 
An intelligent patient, however, will unteer the information 
that the false image is not only up in, but that the upper end 


of the false image leans toward _thnose. If this is correct the 
vertical meridian of the cornea t lean outward toward the tem- 
ple. That this is correct cayyse}eadily verified by again referring 
to Fig. 90. The two su Ai muscles, the superior rectus and the 
superior e tot aN upper end of the vertical meridian of 
the cornea in. kO inferior muscles rotate the upper end of 
the corneal mer K out. If the superior rectus is paralyzed there 
will be but A My rtor of the corneal ota namely, the superior 
oblique. uS wo extortors of the cornea, however, are intact, 
namely Merion rectus and the Alert Hana The prepon- 
deranc ane must necessarily be in the direction of extortion. 
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The eye, therefore, is not only displaced down and out, but the 
vertical corneal meridian will be in a position of extortion. The 
false image will lean in the opposite direction and will be found to 
be up and in and intorted. 

Each of the vertically acting muscles should be selected in turn 
on the diagram, as in the case of the left superior rectus, and thus 
should be carefully studied. Memory methods may stick for a 
time, but a process of reasoning will enable the student to make 
more correct diagnoses. 

In following the chart (Fig. 90), to locate the position of the 
false image, the chief difficulty lies in the vertical separation in 
reference to the right- and left-hand vertical elevators. ‘The 
student must thoroughly grasp the fact that vertically acting mus- 
cles have a primary and a secondary function, and that either 
function may be increased at the expense of the other. The vertical 
recti may become simple elevators or depressors if the eyeball is 
rotated outward so as to give a straight pull up or down. As 
a rule, there is also some lateral separation of the two images. 
Instead, therefore, of a simple vertical separation, the lateral sepa- 
ration should also be studied. In the case of the left superior 
rectus the lateral separation and the obliquity of the false image 
will be found to increase when the testing light is moved up and 
toward the normal side. The reasons for this are apparent. When 
the left eye, for example, is turned toward the h gos side, the 

Ka 


superior rectus becomes more of an internal rota Ty an intorter, 
and less of an elevator. When the muscle i@) N al and the 
gaze is directed in this part of its normal fi¢ Q action, according 


to the laws of paralyzed muscles, Ari image will naturally 
separate further in a horizontal dir from the true and the 
increasing preponderance of the O or extorting antagonists 
will shift the vertical meridian %{ the cornea further out, and the 
inward leaning of the false FN ill be proportionally greater. 
For purposes of diagnosigĝhe lateral separation is not essential. | 
The increase in the obli Dyer the false image, however, is of much | 
practical importancaNAvill be indicated in certain cases by the 
great tendency o OAN tient to tilt the head to the right or the left 
shoulder, as thecafe may be, in order to correct the tilting of the 
image. Thisgéxmptom becomes of special importance in the appli- 
cation of geWital measures to correct this defect in those patients | 
who fa £ leaning of the false image particularly annoying. 
BAM or uncrossed character of the diplopia has received 
AY rable attention by some authors and less by others. Paral- 


Q 
~ V 
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ysis of the vertical recti, as a rule, produces crossed diplopia, and 
that of the obliques homonymous displacement. In this they cor- 
respond normally to paralysis of the internal and external recti, 
respectively. There is this difference: The laterally operating 
internal and external recti have but one action, that of lateral 
rotation, whereas the vertical muscles are only secondarily internal 
and external rotators. In paralysis of the lateral rotators diplopia 
is so marked that a preéxisting esophoria or exophoria will have 
little or no perceptible effect upon the separation of the images. In 
the case of the vertical muscles, lateral separation is slight, as the 
lateral movements of these muscles in health are only secondary. If 
the left superior rectus is paralyzed there should be a slight crossed 
diplopia. If, however, there was a preéxisting esophoria it might 
| neutralize the crossing of the images, because in esophoria there is a 
tendency to uncrossed lateral separation. In fact, under such con- 
ditions, the lateral diplopia, if any, might be uncrossed. The same 
may be the result in paralysis of an oblique with a preëxisting 
| exophoria. In actual experience, therefore, the uncrossed or crossed 
character of the diplopia cannot be depended upon to follow the 
rule, and the student will do well to ignore this phase of diplopia 
when the superior muscles are under investigation. 
In most instances diplopia is of greatest annoyance at the begin- 
| ning of the palsy. It may continue unabated if the palsy is perma- 
nent, although a majority of patients quickly learn howgte\diminish 
- the separation by compensatory face turnings and heaf\Pltfngs. In 
those instances in which recovery follows in th rse of a few 
weeks or months the discomfort grows less xO lly disappears. 
Lateral diplopia ‘is less troublesome because separation occurs 


mostly in the horizontal meridian, oF een pr omptly learns 
| how to minimize lateral separation Aa Ri In paralysis of the 
vertical muscles the movements ar is involved by lateral and 


torsional complications, and the tion of the same by vicarious 
rotations of the head is not so Sy, accomplished. 

Torsion, in a limited nyn ' cases, gives rise to the symptom 
which usually is describWNiS “swimming,” and may be accom- 
panied by nausea C miting in paroxysms. In the writer’s 
experience the casesNwMich are most intractable, and in whom a 
secondary neuraaGpnic condition supervenes, torsion of the false 
image is the uying condition, perhaps even more pronounced 
| than verti placement. 

Unfor' ely for the adult who suffers from incurable paralytic 


squing,\macular vision does not, as a rule, suffer deterioration. In 
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this respect it is unlike the concomitant type of squint which 
occurs, as a rule, in the child and in whom amblyopia of a profound 
character develops in many instances. In cases of concomitant 
squint which develop late in life, and macular vision is preserved, 
the patient, as a rule, promptly learns to suppress one image, and 
is not annoyed by diplopia. The paralytic squinter learns less 
readily to suppress the image and, therefore, largely overcomes the 
diplopia by “vicarious rotations of the head.” 

In the following diagrams are recorded the diplopia fields of each 
eye. In these diagrams the lateral separations are recorded accord- 
ing to rule. No stress, however, is laid upon the lateral separation 
of the two images in the vertical palsies, and no attempt is made to 
faithfully record the exact leaning of the images. In Plate IV are 
recorded the images in paralysis of each of the muscles of the right 
eye. In Plate V are recorded the images in paralysis of each of 
the muscles of the left eye. 

Vertigo.— Vertigo, dizziness, “swimming,” are terms which 
patients use in explaining the subjective sensations experienced in 
ocular palsies. They are the direct result of double vision or of 
diplopia and false projection. They are present from the beginning 
and oftentimes grow worse as the patients run into months and 
years of uncorrected or uncorrectable paralytic squint. These symp- 
toms naturally are mild or severe: (1) In direct proportion to the 
amount of displacement of the images; (2) in dire lation to the 
type of palsy, 2. e., as to whether it is a later tdtor which is 
involved or an elevator or depressor; (3) in <t relation to the 
normal status of the individual’s nervous ‘nce. Lateral sepa- 
ration is less likely to give rise to th *ked subjective symp- 
toms referred to in this paragraph, hings being equal, than a 
vertical separation, because of the c licated character of diplopia 
in the latter group. 

The severity of the sympt WO on er is more dependent upon 
the state of the nervous brium of the patient than upon the 
character of the diplepg the unstable a most profound neu- 
rasthenic state may Re ultimate outcome of an incurable palsy, 
if one eye is no ed. The writer has never observed a more 
profound case oNbélpless and almost hopeless neurasthenia, which 
for a time sé 1 to threaten a totally and permanently unbalanced 
mind, tharQ@) a badly neglected case of ocular palsy of fifteen years’ 
standaiga ‘The patient had a persistent torticollis, chronic in char- 
TA dch finally involved the entire shoulder girdle as the result 
ore untary effort on the part of the patient to correct the diplopia 
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Images in Parod: of Each of the Muscles of 
|) A he Right Eye. 


PLATE V 
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Images in Paral Each of the Muscles of 
NS Left Eye. 
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by vicarious rotations of the head. She was unable to walk, and 
could not even support her head in the sitting posture. She was 
practically bed-ridden, and confined to the house for five years. 
The recovery of this patient after suitable operative and corrective 
measures, demonstrated conclusively the paralytic basis of the 
condition. On the other hand, patients of a more phlegmatic 
temperament may complain of annoyance at first, but are able after 
a time to go about their usual vocations without much apparent 
inconvenience. 

These symptoms make it particularly hazardous for some patients 
so afflicted to venture upon the street or in crowds. In their own 
homes they may be fairly free from the more severe symptoms, but 
on the street, where many objects are moving about, profound 
vertigo may develop and orientation may become difficult. It is 
also worthy of note that children in the adolescent period have a 
remarkable faculty of overcoming the symptom by the ready 
adaptation of which they are capable. They even learn to ignore 
diplopia. One boy, aged twelve years, in the author’s practice, 
was able to play ball and officiate behind the plate without a mask, 
with a complete paralysis of the left inferior rectus and a partial 
palsy of the left superior rectus. 

Vicarious Rotations of the Head.—In order to overcome diplopia 
and the confusion of vision resulting therefrom, the patient sub- 
consciously assumes abnormal positions of the head. ‘Tj abnor- 
mal poses were called by von Graefe “vicarious r ns of the 
head.” The object sought is single binocular vigor vision in 
which confusion of images is least marked. In * to accomplish 
this, the patient brings the neck nick into Their action is, 
therefore, a vicarious one. 

By a careful analysis of these poses, en Q divide them into two 
components: (1) Face rotations ar no ) head tiltings. The first 
are truly vicarious and the secor chanically corrective. This 


separation is not usually TO its omission has led to rather 
confused ideas as how t y Gad poses overcome diplopia in 
paralytic squint. 

Face Rotations.—I N diplopia the analysis is simple. If, 


for example, the right i SAT rectus is paralyzed, the right eye is 
rotated inward, K patient suffers from uncrossed diplopia, 
the images sepą N most on looking to the right and least when 
the eyes a, eae to the left. If the face is turned to the right, 
or toward Sie, image, the movement is equivalent to turning the 
eyes tape left. In this field the eyes are in a position in viek 
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the paralyzed muscle is not called upon to act and double vision 
may wholly disappear. As the patient learns this fact, the face is 
constantly held in this position. The neck muscles relieve the eye 
muscles, so to speak, and diplopia is reduced to a minimum. . If 
the right internal rectus is paralyzed the right eye deviates to the 
temporal side. Lateral diplopia increases on looking to the left or 
toward the false image, and diminishes on looking to the right. To 
overcome the diplopia the face is turned to the left, again toward 
the false image or toward the field of action of the paralyzed muscle, 
this being equivalent to turning the eyes to the right. 

The same principles apply to the lateral rotators of the left eye. 
The action is a vicarious one. For lateral palsies, therefore, the 
following rule is established: The face is turned toward the false 
image or toward the field of action of the paralyzed muscle. 

In vertical palsies the head and face postures become more com- 
plicated because: (1) Each eye has two elevator and two depres- 
sor muscles; (2) each muscle has three functions which are comple- 
mentary to one another in the many positions which the eye may 
assume. In straight up and down movements the same rule applies 
as in the lateral movements. For example, if an elevator is para- 
lyzed, the face is turned up, or the head is tilted backward. If a 
depressor is involved the head bends forward, or the face downward, 
which are equivalent. In the cardinal directions, therefore, the face 
turns toward the false image or toward the field of at ey paralyzed 
muscle. 

Each vertically acting muscle has a three-fo, nection: (1) Ele- 
vation or depression; (2) internal or externaĘ®tation; (3) intorsion 
or extorsion. As the normal function i io) e up of these several 
components, disfunction in paralysis Dita influence each of 
the components. re) 

The analysis is best made by pRnrete example: We will assume 
the right superior rectus is paxelyzed. This muscle from “eyes 
front” elevates the right e tates it toward the nose and intorts 
the vertical meridian of ornea. When the right eye is turned 
outward 23 degrees, 0 en the muscle plane of the superior rectus 
coincides with t Ona axis of the eyeball, elevation 
will be BO its subsidiary functions, internal rotation and 
intorsion, wË Gase. In other words, all the kinetic energy of the 


muscle is Q in elevation. For this reason, Duane called this 


muscl hand elevator. Maximum elevation is obtained when 


the Sa to the right. As this is a conjugate movement, 
D both eyes share, in paralysis, failure of the right superior 
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rectus to respond will be more pronounced when the eyes are 
turned up and right than when turned up and left. In other words, 
the vertical separation of the images will be greater on directing 
the gaze up and right than up and left. The face, as has been 
shown, is tilted upward, in the cardinal direction to overcome the 
vertical diplopia, and to reduce this greatest separation still more, it 
will be turned up and to the right. This compensatory movement 
brings the two eyes together, because in this position, equivalent 
to turning the eyes downward and to the left, the superior rectus 
will be least called upon to functionate in binocular movement, 
than in any other direction. Diplopia will, therefore, be reduced 
to a minimum. | 

If the right inferior oblique is paralyzed, instead of the superior 
rectus, this muscle being a left-hand elevator, the face will be tilted 
up and left. 

The rule which is established by these two palsies, and which 
applies to paralysis of each vertical muscle in turn, is as follows: 
The face is turned toward the normal maximum vertical pull of the 
paralyzed muscle. The student will note that in the vertical palsies 
the phraseology is slightly different from that of lateral palsies. If 
in the latter it may be said, the face turns toward the field of action 
of the paralyzed muscle, the same phraseology may be applied to the 
elevators and depressors by inserting the words, maximum vertical 


action xe 

In most vertical palsies there is a moderate deg f lateral 
displacement. It should be noted, therefore, that ateral tilting 
of the face, associated with the up or down ag, may tend to 
increase the lateral separation and may, for reason, be aband- 
oned by the patient. In the first exa, right superior rectus 
palsy, the eye is displaced down and,o the vertical meridian 
of the cornea is tilted to the tempi side. Lateral diplopia is 
crossed. If the face is turned up ano the right, to relieve vertical 
diplopia, the right turning o face may increase the lateral 
separation of the images. recognition of this fact by the 
patient may tend to an nee of the lateral tilt of the face to 
avoid an increase i Hater ral separation. As a matter of fact, 
the inconvenience of‘weftical diplopia is so much greater than that 
of lateral separ fen that every effort is made by the patient to 
overcome By cal separation. 

There 1 SS third function with which the patient must reckon, 
namely, Q In the example used, right superior rectus paralysis, 
the Sy ppleed down and out, and the vertical meridian of the 


o 
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cornea is tilted outward, because this muscle intorts the corneal 
meridian. According to the laws of projection and direction, if the 
corneal meridian is tilted outward the false image will be tilted in 
the opposite direction. The eye is displaced down and out, and the 
corneal meridian extorted, the false image is up and in and intorted. 
What does the patient do to overcome the obliquity of the false 
image? 

Of the three phases of diplopia encountered in vertical palsy, the 
greatest inconvenience is suffered by reason of vertical separation. 
To a less extent, obliquity of the false image is a source of annoy- 
ance to some patients, and least of all, is the discomfort suffered 
because of the very moderate lateral separation encountered. It 
is well known that plus or minus cyclophoria is overcome without 
much subjective inconvenience in a large number of cases. On the 
other hand, it cannot be disputed that cyclophoria, in some indi- 
viduals, is the source of much inconvenience. High degrees of 
oblique astigmatism which are compensated for without glasses, by 
action of the obliques, cause little or no inconvenience to some, but 
most distressing symptoms to others. 

The ability to fuse in the stereoscope the images in Fig. 70 and 
to form a cross is well known. The horizontal lines are the same in 
each eye, but the vertical lines differ. In stereoscopic vision the 
oblique lines are observed as a vertical line as in C., If, however, 
this effort must be put forth by the hour, how nag individuals 
will show fatigue? XS 

It is probable, therefore, that we have grow, 
to a phase of phoria which is a source of p 
individuals, and to this phase also of pag 
is convinced that, although torsion 
analyze than is that of lateral ue 
of great distress to many aie © 

Shoulder Tipping.—This bgings us to head tilting, or what is per- 
haps more descriptive of he sndition, shoulder tipping—leaning of 


e too indifferent 
à irritation to many 
c squint. The author 
image is more difficult to 
cal separation, it is a source 


the head to one or th houlder. ‘This is a phenomenon dis- 
tinct and apart fror Nw. which we have had under discussion, 
namely, head facus 

Combined withe facial posture and very occasionally alone, it 
will be eD the patient’s head will lean to one shoulder. This 
inclinatio D) he head, in a purely mechanical way, accomplishes 
two Ns It lowers the image on the side toward which the 
hea NÑ ilted, regardless as to whether the image belongs to the 
haykolateral or contralateral eye and it corrects the obliquity of 
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the false image. Shoulder tipping in every instance which the 
author has investigated is in the direction of the physiological action 
of the muscle from eyes front. It leans with the false image. Inas- 
much, therefore, as it inclines with the false image and with the 
physiological action of the muscle, which is the same, it becomes 
manifestly difficult to determine exactly which symptom the patient 
is attempting to overcome. 

In the author’s studies two fundamental facts have led him to the 
conclusion that “shoulder tipping” is more in the interests of cor- 
recting the leaning of the image than of vertical diplopia, although 
it is operative in the minimizing of both conditions. They are: 
(1) Vertical paralysis against the rule as to lateral separation; (2) 
the inferiority of experimentally lowering the image by “shoulder 
tipping,” as compared with “face rotations.” 

In 4 cases which the author has studied “shoulder tipping” was 
with the rule, and lateral separation was against the rule. In these 
cases it is a natural inference that the head was tilted to the 
shoulder to correct the leaning of the false image, the higher image 
being to the opposite side. , 

Experimentally, in testing patients suffering from vertical palsies, 
there is a unanimity of opinion that the “turning of the face” 
more effectively relieves the vertical separation than does “shoulder 
tipping.” There is a further clinical fact to be considered, namely, 
“shoulder tipping” occurs relatively more frequently in hgxpgrphoria, 
that is in low vertical displacements, than in vertica j 
in which the separation is great. The author’s 
these facts are, therefore, that, although 
corrective of vertical diplopia, and of the lea 
the “turning of the face” is of greater ir 
of vertical diplopia than is “shoulder 

Of greater importance, however, ae differentiation between 
“head facing” and “shoulder tip 0 From a diagnostic stand- 
point, facing up and to the rig dicates involvement of a right- 
hand elevator; up and ING s to a left-hand elevator. The 
depressor groups are eal Tell located by facings alone. “Shoul- 
der tipping” is ET ninating because tipping to the right 
shoulder may be > in paralysis of one of four muscles, and 
the same S ncluded in tipping to the left shoulder. Fac- 
ing, on the o cy fnd, reduces the possibility to two muscles. 

RS mptoms.— If the student will gr oup the symptoms 
discussec NX 1 reference to the chart (Fig. 29) of primary action of 
individial Nudes the diagnosis of the muscle involved will be 


a plified. 


usions from 
er tipping” is 
f the false image, 
nce in the correction 
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This chart indicates the normal action of each muscle from 
“eyes front” or in primary position. 
Symptoms which follow the chart of the normal action of the 
muscles from “eyes front” are: 
1. False projection. 
. Position and leaning of the false image. 
3. Shoulder tipping. 
4. Secondary deviation of the normal eye. 
Opposite to the normal action of the muscles from “eyes front” 
are: 


bo 


+ 


1. Deviation of the paralyzed eye. 
2. Decrease in the diplopia, and even fusion of the two images. 

Symptoms which follow the maximum pull of the vertical muscles, 
or which follow the direction of the right- and left-hand elevators 
and depressors, are: 

1. Face rotations. 
2. Limitation of movements. 
3. Maximum vertical separation of the images, or maximum 
vertical diplopia. 

Associated Symptoms.—Associated symptoms which aid in the 
diagnosis of the character and location of lesions which may give 
rise to a given form of paralysis will be discussed in the section, 
Clinical Types of Ocular Muscle Palsies. 

Diagnosis.— The diagnosis of paralysis of a m 
of muscles is made by carefully studying and coy. 
symptoms and signs which have just beer 
deviation and limitation of movement ar 
fairly definite conclusions. Even thous 


5) 


Je or a group 
uifg the several 
cussed. Primary 
n sufficient to form 
individual muscle can 


be determined in this manner, the Sin. case should logically 
proceed at least two steps aA e and head rotations should 
be carefully observed, and nll ep e diplopia field should be plotted 


and recorded. 
In paralysis of the v 

limitation of movemen 

indicate the muscle X 


a muscles, primary deviation and 
not be sufficiently definite to clearly 
red. Face and head rotations, if present, 


may be helpful, he diplopia field always is the court of last 
appeal, from wieh the evidence furnished, is trustworthy and 
definite. 


The ue’ of primary or secondary deviation should be weighed 
in ev we. Is the patient fixing with the normal eye (primary 
dev 1), or is the patient fixing with his paralytic eye (secondary 


oo Central visual acuity is perhaps the best guide. The 


2 
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patient may assist in this respect by volunteering the information 
that one eye has always had poor vision. If this be the case, it is 
probable that he. will continue to fix with the good eye, even though 
one of its muscles may be paralyzed (secondary deviation). Further- 
more, the results obtained by a study of both eyes as to limitation 
of movement, will definitely settle the question. ‘The number of 
instances in which patients present themselves manifesting secon- 
dary deviation is small, but they occur with sufficient frequency to 
place the ophthalmic surgeon on his guard when the symptoms do 
not entirely harmonize. 


SPECIAL PARALYSES. 


External Rectus or Abducens Palsy.— Although paralysis of the 
extra-ocular muscles frequently occurs in combination, especially 
with other muscles supplied by the third nerve, combined palsies 
will be better understood by an analysis of each individual palsy 
separately. External rectus palsy is probably observed as an iso- 
lated condition more frequently than any other individual paralysis, 
save that of the levator of the upper lid, ptosis. ` 

The muscle turns the eye to the temporal side. ‘The eye, therefore 
will be displaced toward the nose. Limitation of movement will 
be in the direction of the paralyzed muscle, or toward the temporal 
side. When the affected eye fixes, under cover the ney eye will 
deviate inward (secondary deviation). 

False Projection.— False projection will be in the Qyection of the 
action of the muscle. 

Diplopia.—In paralysis of the lateral ro 
only occur laterally. Owing to the inwa viation of the eye, 
the obliques gain in vertical pull what gy in torsion of the eye. 
In actual practice, therefore, one ma% find the false image slightly 
higher than the true image on lookirg Yown and out, and lower than 


@§; diplopia should 


the true image on looking up out. Furthermore, the lateral 
separation is apt to increase ooking down because convergence 
enters into the act. Asi $m these two slight modifications in 


the diplopia field, th ja will be manifest only or largely on 
looking to the etek poh or left. If the right eye is involved, 
the images will geygrate more and more on looking to the right, or 
in the directio the paralyzed muscle. The diplopia will be 
uncrossed, thétvht-hand image traveling further to the right as the 
patient @ QP ors to turn his eyes to the right. If the left externus 
is SN the diplopia will increase to the left. 
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The face will be turned toward the side of the paralyzed muscle 
which will be equivalent to turning the eyes in the opposite direction, 
where diplopia will be reduced to a minimum or disappear. 


bes Le 


LANV t 


Fic. 91.—Paralysis of the right external s.* Eye turned to the left. Face 
turned t@theight. 


O 


Internal Rectus Paralysis@lhe internal rectus rotates the eye 
toward the nose. In pagAlyyis, the opposing muscles will rotate the 
eye to the temporal Ne iSually beyond the median line. Limita- 
tion of movement X) rard the nose or toward the muscle. False 
projection is in ose direction and the corrective face rotation 
is in the ones of the action of the paralyzed muscle. 

As in th $ of the external rectus, diplopia should only be in a 


lateral Yfxeetion, crossed diplopia increasing when the eye is turned 
tO e field of action of the paralyzed muscle or toward the false 


in aN 
oS 
oo 
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If the right internal rectus is affected, the crossed diplopia 
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will increase to the left. As in paralysis of the external recti on 
looking down, the act of convergence enters into the movement and 
lateral separation will tend to be less in the lower field than in the 
upper. As Maddox! has pointed out, the false image of the 
right eye should be lower on looking up and in, and higher on looking 
down and in, than the true image. This is rarely observed in clinical 
experience, but its occurrence should be remembered by the student 


Fic. 92.—Paralysis of the right ue 


Qes. Eye turned to the right. Face 
N tothe left. 


in order to explain th mce of vertical diplopia in the occasional 
instances in which it Observed. 

Superior Recti ses.— The actions of the superior recti from 
“eyes front” ar QO ) Elevation; (2) internal rotation; (3) intorsion. 
Elevation O when the eye is rotated templeward, and intor- 


Ò 1 The Ocular Muscles, page 173. 
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sion and internal rotation increase when the eye is turned toward 
the nose. 

In right swperior rectus paralysis, the eye will be displaced down 
and out, and the vertical meridian of the cornea will be rotated 
outward. Limitation of movement will be most pronounced on 
looking up and to the paralyzed side. False projection and the 
false image will be up and in, and the false image will incline toward 
the normal side, because the corneal meridian inclines templeward.-: 


—— 


Fig. 93.— Paralysis of r} Superior rectus. Eye displaced down and to the right. 
Face ss d to the right. Head tilted to the left shoulder. 


Vertical, 
the pargk 


pplopia.— Vertical diplopia increases up and toward 
d side, because the right superior rectus is a right-hand 


cle There may be slight crossed separation, although this 
v 
S 


f diplopia is not constant. 
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Corrective Position of Face and Head.—The face is turned up and 
to the paralyzed side. In addition, the head may be tilted toward 
the shoulder of the normal side. 

Secondary Deviation.—Secondary deviation of the normal eye is 
up and to the normal side. 

Yoke Muscle Over-action.—The yoke muscle is the left inferior 
oblique. If over-action of this muscle becomes apparent, the left 
eye will shoot up, especially when the eyes are turned to the right 
(Fig. 93). 

Left Superior Rectus Paralysis.— Primary Deviation.—Down and 
to the left; the corneal meridian is tilted to the left. 

Limitation of Movement.—Up and to the left. 

False Projection.— Up and right. 

False Image.—Up and right, and intorted. 

Diplopia.— Vertical diplopia increases up and to the left. 

Face Rotation.—The face is turned up and to the left. 

Head Tilting.—The head may tilt to the right shoulder. 

Secondary Deviation.—Secondary deviation of the normal eye 
is up and to the right. 

Yoke Muscle Over-action.—The yoke muscle of the left superior 
rectus is the right inferior oblique. If the yoke muscle becomes 
over-active, it will cause the right eye to deviate upward, especially 
when the eyes are turned to the left. 

Inferior Recti Paralyses.— The inferior recti are: First, > ae 
second, internal rotators; and third, extortors of the v*\cal merid- 
ian of the cornea. Depression increases when the vy are rotated 
toward the paralyzed side; intorsion and intern ation increase 


when the eyes are turned toward the normal xO 

Right Inferior Rectus Paralysis.— Prima eviation.—Up and 
out and the corneal meridian is inclined {to} left. 

Limitation of Movement.— Down an% to the right. 

False Projection.— Down and to Okt. 

False Image.—Down and to @jeft and inclined to the right. 

Diplopia.— Vertical diplopj Oye down and to the right. 

Face Rotation.— The fa nclined down and to the right. 

Head Tilting.— The Niay be tilted toward the right shoulder. 

Secondary Dewatikn.j-Secondary deviation of the normal eye 
is down and to thereft. 

Yoke Muscle A§saction.—The yoke or conjugate muscle of the 
right ieee is the left superior oblique. If this muscle 
aS ctive, it will cause the left eye to deviate downward, 

a 


Ara en the eyes are turned to the right (Fig. 94). 


Ko 
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Left Inferior Rectus Paralysis.— Primary Deviation.—Up. and 
to the left, the vertical meridian of the cornea leaning to the right 
or intorted, 

Limitation of Movement.—Down and to the left. 

False Projection.—Down and to the right. 


Fic. 94.—Paralysis of right inferior wey Eye up and in. Face down and to the 
right. Head tilto the right shoulder. 


False Image.—Down gD the right and inclined to the left— 


extorted. N 
Diplopia.— Veg CU iplopia increases down and to the left. 
Face Rotation\ The face is inclined downward and to the left. 


Head ENO ES head may be tilted to the left shoulder. 


Seconda eviation.—Secondary deviation of the normal eye is 
down a the right. 


K QW) uscle Over-action.—The yoke muscle of the left inferior 
AY is the right superior oblique. When this muscle becomes 
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over-active, it causes the right eye to deviate downward, especially 
when the eyes are turned to the left. 

Superior Oblique or Trochlear Paralyses.— The normal actions of the 
superior oblique muscles from “primary position” or “eyes front” 
are: (1) Depression; (2) outward rotation; (3) intorsion. The 
downward pull increases as the eye is turned toward the nose, and 
intorsion and external rotation increase when the eye is rotated 
outward. The yoke or conjugate muscle is the contralateral inferior 
rectus. 


“oblique. Eye displaced up andin. Face turned 


Fic. 95.—Paralysis of right su 
down and O Head tilted to the left shoulder. 


Right Superior @kque Paralysis.— Primary Deviation. — Upward 
and to the left, Nior ‘mal side; the vertical corneal meridian leans 


to the right aor 
Limitag Vf ovement.— Down and to the left. 


rae yechon.— Down and to the right. 


N 
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False Image.—Down and to the right; the false image tilts to the 
left—intorsion. 

Diplopia.— Vertical separation of the images increases on looking 
downward and to the left. 

Face Rotation.—The face is turned down and to the left. 

Head Tilting.—The head may be tilted to the left shoulder. 

Secondary Deviation.—Secondary deviation of the normal eye 
will be down and to the right. 

Yoke Muscle Over-action.—If present, over-action of the left inferior 
rectus, or yoke muscle, will cause the left eye to deviate downward, 
especially when the eyes are turned to the left. This over-action 
also tends to modify the diplopia in the upper field (Fig. 95). 

Left Superior Oblique Paralysis.— Primary Deviation.— Upward 
and to the right or normal side; the vertical corneal meridian leans 
to the left side—extorsion. 

Limitation of Movement.—Down and to the right. 

False Projection.—Down and to the left. 

False Image.—Down and to the left, with leaning of the image 
to the right—intorsion. 

Diplopia.— Vertical separation of the images increases on looking 
down and to the right. 

Face Rotation.—The face is turned downward and to the right. 

Head Tilting.—The head may tilt to the right shoulder. 

Secondary Deviation.—Secondary deviation of oo eye 


will be down and to the left. sN 
Yoke Muscle Over-action.— If present, over-ac i@p the right infer- 
ior rectus, or yoke muscle, will cause the rig ye to shoot down- 


ward, especially when the eyes are turned O he right. 

Inferior Oblique Paralyses.— The O bliques elevate the eyes 
rotate them outward, and extort *ertical corneal meridians. 
Elevation of each is greatest whehe eye is turned toward the nose. 
Extorsion and external rotation Qrease as the eye is turned temple- 
ward. Q 
Right Inferior Oblique Opu ta Deviation.— Down- 
ward and to the ON ' fhe corneal meridian being intorted. 

Limitation of 4 rQ nt.—Up and to the left. 

False Projectidg. Upward and to the right. 

False Imagee~ Up and to the right, with leaning of the false image 
to the riche orsion. 

Diplogi«= Vertical separation of the images increases up and 


to t 


Not n face is turned up and to the left. 
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Head Tilting.—The head may tilt to the shoulder of the affected 
side. 

Secondary Deviation.—Secondary deviation of the normal eye 
is up and to the right. 

Yoke Muscle Over-action.—The yoke muscle of the fellow eye is 
the left superior rectus. If over-action of this muscle is present, the 


left eye will shoot upward, especially when the eyes are turned to the 
left (Fig. 96). 


Tic. 96.—Paralysis of right infgWOF oblique. Eye displaced down and in. Face 
turned up and to Head tilted to the right shoulder. 


Left Inferior QbGaie Paralysis.— Primary Deviation.—Downward 
and to the nas €; the vertical corneal meridian will incline toward 
the nose—4 ion. 

Limit N f Movement.—Up and to the right. 

Fals Ma Up and to the left. 
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False Image.—Up and to the left, with leaning of the false image 
to the lef i 

Diplopia.— Vertical separation of the images increases up and to 
the right. 

Face Rotation.—The face turns up and to the right. 

Head Tilting.—The head may tilt to the left shoulder. 

Secondary Deviation.—Secondary deviation of the normal eye is 
up and to the left. 

Yoke Muscle Over-action.—The yoke muscle is the right superior 
rectus. If over-action of this muscle is manifest, the right eye will 
shoot upward, especially when the eyes are turned to the right. 

Complete Oculo-motor or Third Nerve Palsy.— Instead of isolated 
paralysis of the branches of the third nerve, this nerve may undergo 
complete paralysis. The clinical phenomena which characterize 
it are as follows: 

Internal Ophthalmoplegia.—The pupil is dilated and unresponsive 
to light, convergence and accommodation, and fails to respond by 
consensual contraction when light is thrown upon the opposite pupil. 
If mydriatics are instilled, there is increased dilatation, partly from 
the emptying of the bloodvessels of the iris and partly through 
stimulation of the dilator fibers of the iris through the sympathetic 
system. 

Paralysis of Accommodation.— Paralysis of accommodation is as 
complete, and behaves as though a cycloplegic wepe\nstilled. In 
emmetropia, central visual acuity is unaffectec stance, but 
the near-point can only be restored by the al addition of a 
+3 diopter sphere. In hyperopia and in 1 ia, the correction of 
the total refractive error will restore nor ay ual acuity for distance. 
The near-point may be restored by eR rion to the distance cor- 


rection of a +3 diopter sphere. 

External Ophthalmoplegia.— TS clinical symptoms enumerated 
in paralysis of each muscle supped by the third nerve, is added 
ptosis due to paralysis of t Gey rator of the upper lid. 

Ptosis.—Ptosis is cc e, although the patient has some 
elevating power A e action of the occipito-frontalis muscle. 
Firm pressure u e brow of the patient, by which the action 
of the frontalis age controlled, will render the patient powerless 
in elevating Gay lid. Inasmuch, however, as the sympathetic 
fibers whic ply the muscle of Müller are intact, the instillation | 
of K to the cul-de-sac will produce a slight dimunition of the 
ptos he palpebral fissure will be widened to the extent of the 
sxe hetic stimulation. 
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Primary Deviation.— The eyeball will be rotated down and out 
due to the action of the intact superior oblique and external rectus 
palsy. The vertical corneal meridian leans to the normal side 
(superior oblique action). 

Limitation of Movement.—The only movement of which the eye 
is capable is that in the direction which the external rectus and 
superior oblique can impart to it. An attempt by the patient 
to rotate the eye downward will illustrate the normal action of the 
superior oblique combined with that of the external rectus. The 

! eye is moved slightly down and out from its fixed position. In some 
instances, the torsional action of the muscle is well exemplified 
and the corneal meridian visibly undergoes wheel motion, the upper 
end being turned toward the normal side. 

False Projection.—False projection is to the normal side and 
upward. 

False Image.— False image is toward the normal side and above 
the true image. As the corneal meridian leans toward the normal 
side, the false image is extorted. 

Diplopia.— Crossed diplopia occurs in the horizontal meridian 

A and increases on looking to the normal side. Vertical diplopia also 
increases in the upper field and toward the normal side, the false 
image being extorted. 

Face Rotation.—The face is turned toward the normal side and 
slightly upward, the position in which both lateral vertical 
separation is reduced to a minimum. Face rota BA and head 
tilting in this complex palsy are not apt to be ite in other 
respects than the turning of the face toward th mal side. The 
reasons for this are obvious. It is only O great effort that 


the images can be brought together an accompanying ptosis 
very effectually precludes the necessity smhg a cover to occlude 


one eye. The patient needs no epgauragement to keep the lid 
closed. Head and face rotations aré&#herefore, little in evidence. 
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Instead of paralysig Q)Ringle muscle, there are many instances 
of combined ocular pelsfes, and in addition there are special types 
of ocular nerves jJ@Agies associated with other symptoms, which 
require at eager consideration. Some of these symptom 
groups are GN e and aid in the diagnosis of the character and the 
location ne lesions causing the palsies. Most of them fall 
EAN omain of neurology, but it is a border line-field in which 
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neurologist and ophthalmologist share equal responsibility in the 
matter of diagnosis. 

Ophthalmoplegia.—When more than one muscle is paralyzed, 
the condition is spoken of as ophthalmoplegia. 

Following the classification of the Landolts, which is a universal 
classification, there are four groups: 

1. Unilateral partial ophthalmoplegia: paralysis of several muscle 
of one eye. 

2. Unilateral total ophthalmoplegia: paralysis of all the muscles 
of one eye. 

3. Bilateral partial ophthalmoplegia. 

4. Bilateral total ophthalmoplegia. 

Unilateral Partial Ophthalmoplegia.—A distinction should be 
made between internal and external ophthalmoplegia. By the 
former is meant paralysis of the pupillary sphincter and the cili- 
ary muscle (accommodation paralysis). External ophthalmoplegia 
applies to the extra-ocular muscles, excluding, therefore, the sphinc- 
ter of the pupil and the ciliary muscle. 

Lesions which cause unilateral partial ophthalmoplegia may be 
variously located. Unless extensive, nuclear lesions are apt to 
cause partial paralysis. Furthermore, if extensive, there usually 
is involvement of some of the nuclei on the opposite side and involve- 
ment of other cranial nerve centers. Complete third nerve palsy, 
without involving the fourth and sixth, is of trunk\prigin before 
the nerve enters the cavernous sinus. In the ] *focation and 
after the nerve enters the orbit, a lesion causipg@Smplete paralysis 
of all its branches will also involve the four d sixth. 

Partial ophthalmoplegia may be of tal origin. It is not 
unusual to find several ocular nery, N Qólved in sphenoidal and 
ethmoidal disease. The vagaries rġuma may bring about a 
similar condition. The author Bas under his care an instance of 
paralysis of the inferior and supefior recti of the left eye, due to a 
blow from a fist, all the ot auscles having miraculously escaped. 

Internal ophthalmop (unilateral), without involvement of 
the external muscles; be nuclear or peripheral. In a majority 
of instances, thigh Q of partial ophthalmoplegia is nuclear, but a 
sharp blow be ite eyeball may cause paresis of the sphincter 
of the iris ar@ytemporary loss of accommodation. Landolt! has 
observed 1 nal ophthalmoplegia with involvement of the fourth 
nerve N ðÐDital origin. He believes in these cases the cause is 
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The very frequent occurrence of paralysis of the sixth nerve 
associated with that of the seventh in fractures of the base, or in 
trauma involving the base of the skull, has made this symptom 
valuable in diagnosing fracture of the base, when other evidence is 
wanting. The exposed course of this nerve renders it liable to 
injury in many forms of basal disease. 

The Weber, Foville and Benedikt syndromes will receive special 
consideration (vide infra). 

Unilateral Total Ophthalmoplegia.— Paralysis of all the muscles of 
one eye is found only in lesions of the cavernous sinus, in disease of 
the orbit, or in external trauma. A nuclear paralysis of this char- 
acter cannot occur without some contralateral disturbance. Even 
though it were possible that a lesion could be definitely limited to 
one side of the floor of the fourth ventricle, so as to involve only 
the ocular nerve nuclei, involvement of the sixth nucleus, for example 
would involve the internal rectus of the other eye in conjugate 
paralysis to the side of the lesion, as well as disturbance of the other 
nerve centers or the knee of the facial nerve. 

In cavernous sinus thrombosis, total unilateral ophthalmoplegia 
is common, but it does not remain unilateral very long. In fact, 
before the ophthalmoplegia on one side is complete, there usually 
is evidence of involvement of the muscles of the other eye. 

Abscess of the orbit from disease of the nasal accessory sinus, 
syphilis and: neoplasm of the orbit, etc., may produce «\omplete 
ophthalmoplegia limited to one side. SN 

Trauma, such as a blow upon the eyeball anc 
orbit, may cause the same condition. The at aas had under 
his care several instances of ai unilagss ophthalmoplegia 
from an injury of this character. Pin the injury was 
caused by an exploding automobile eee) ecovery was tedious, 
but complete, with the exception Atte external rectus, which 
remained slightly paretic after a peefod of six months, when the 
patient passed from observati A second case was caused by a 
blow from a fist. In neithey4 nce was the optic nerve involved. 
This, however, is not alw NA e case. An orbital lesion which will 
produce paralysis of D ocular nerves may also involve the optic 
nerve itself. 

Bilateral via te Ophthal moplegia.— Lesions which involve muscles 
of both ey WA than conjugate movements, as a rule are nuclear 
or basal iœ Kn, although nasal accessory sinus disease must be 
consider Q etiological factor. The possibility also of multiple 
lesions Da simultaneously should not be overlooked. In 
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unusual types of the Gradenigo syndrome, binocular involvement 
has been observed. This may be due to a serous meningitis, with 
compression of the basilar artery as a consequence, or to coincident 
lesion of the sphenoidal sinus on the opposite side. A rare type 
of paralysis of all the extra-ocular muscles of both sides, without 
involvement of the intra-ocular group, is that reported by W. H. 
Cary... This was a congenital palsy. Similar cases have been 
reported by Li and others. 

Inflammatory disease of the base of the brain, meningitis, tumor, 
hemorrhage, etc., are perhaps the most common causes of these 
incomplete but combined palsies. Disease of the cavernous sinus 
has been mentioned as a cause. This rarely remains unilateral 
and finally may be total and bilateral. 

Bilateral Total Ophthalmoplegia.— This unusual but interesting 
condition naturally occurs as the result of an extensive lesion of the 
nuclei, congenital, vascular or inflammatory disease of the base, or 
brain stem. In the former, the symptoms may be limited to the 
ocular nerves., In the latter, other cranial nerves are also involved. 
It is a terminal stage also of cavernous sinus thrombosis. The 
peculiar facial expression is known as “facies Hutchinsonia.”’ 

Ptosis.— The close relation of the superior rectus muscle and the 
levator of the upper lid, supplied by the same branch of the third 
nerve, brings this condition within the field of ocular muscle palsies. 
Ptosis may be congenital or acquired. As an isojatgd condition, 
it probably is the most common form of individu igenital ocular 
palsy, paralysis of the sixth or abducens bein se second. 

The congenital variety usually is bila , and may appear 
in one or more members of the same fa Many reports have 
included instances of three or morey@g@yerations. Associated with 
levator paralysis, the superior regt often found to be paretic. 
The weakness found in this mygNe may in part be due to disuse 
because of the constantly pto%ed condition of the lids. Other 
branches of the third nerv \ be involved and the eye symptoms 
may be associated with y congenital defects. In some of the 
rarer forms, the patie f raise the eyelids by opening the mouth, 
a condition Pp as “jaw winking.” Etiological factors 
found in congen ptosis are absence or improperly developed 
levator KA adhesions and bifurcation of the muscle, and dis- 

ease of the res or of the nuclei. 

Acq We is frequently observed. It usually is unilateral. 
Ft; i caused by trauma, and by inflammatory and vascular 


ee to Ophthalmic Science, dedicated to Dr. Edward Jackson, p. 122. 
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disease at the base of the brain; it is also found in syphilis of the | 
central nervous system, in tabes superior and inferior, in multiple i 
sclerosis, in multiple neuritis, in hysteria, in infectious fevers such 


in swellings, inflammations and tumors of the lid. This is not a 
true ptosis, but to all appearances it resembles true ptosis in which 
the nerve is involved. 

Recurrent Third Nerve Palsy.— Recurrent third nerve palsy, spoken 
of as ophthalmoplegic migraine, is. not necessarily confined to the 
third nerve, but may include the fourth or sixth. The domi- | 
nating symptoms are pain in the head usually followed by paralysis i 
of one or more branches of the third nerve, with or without involve- i 
ment of the fourth and sixth nerves. Palsies appear for a time and if 
disappear, only to reappear at intervals from childhood to adult 
life. As a rule, the symptoms increase in s¢verity with succeeding | 
attacks, and finally a permanent palsy may be the result. 

Pain is severe and unilateral, but it does not follow the sensory 
branches of the fifth nerve. It usually is of longer duration than i 
that ordinarily found in migraine with scintillating scotoma. In | 
most instances scintillations and other aura are absent. Pain rarely | 
becomes generalized, but remains unilateral. It may cease spon- 4 
taneously with vomiting, or it may gradually disappear. With | 
the cessation of pain and vomiting, the usual third nerve palsy 
appears. This may be partial or complete. In a fe stances, 
instead of the third nerve, the fourth or sixth have ound to 
be the seat of paralysis. Recurrence usually is e same side. 
Cases have been reported in which one branch Nle oculo-motor 
nerve may remain permanently ATAN d with recurrent 
attacks, the other branches become involy he paralyses remain 
for a longer period than does the pa 1 succeeding attacks, 
the palsies are often more completed enduring. The duration 
varies in different cases. Attacks ®eæy only be temporary, lasting 
but a few days, or they may c ue for several months. 

The frequency of attacks varies. In a few instances, recur- 
rence has been observed NX egular intervals, three or four times 


as diphtheria, influenza, in toxemia, etc. A form of ptosis is observed / 
| 
{ 
N 


a year. In other i s, the periods of remission are longer. | 
Mild forms which c in four to six days have been observed | 
as often as gnon Gmonih: The more enduring types recur less | 
frequently. 


Bare ee pe is often observed. In other instances, 
muscles may become permanently paralyzed, while 
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Ophthalmoplegic migraine is regarded as a special variety of 
migraine. Facts which support this theory are the presence of 
scintillation at the beginning of an attack, and especially the fact 
that some genuine cases of ophthalmoplegic migraine begin as 
scintillating migraine, and later develop into the ophthalmoplegic 
variety. On the other hand, the motor variety is more enduring 
and more destructive. While the disease is regarded as a functional 
one, an explosive neurosis, some cases at least have an organic 
basis. The cause of migraine is as yet little understood, unless the 
theory of vascular spasm is accepted. It is probable, therefore, when 
we know more of the disease from an etiological standpoint, our 
present classification may be revised. It is possible that there is a 
functional and an organic variety. It is also within the range of 
possibilities that we are confounding two conditions. We may be 
including in the functional variety, because of the similarity of the 
two conditions, cases which are of organic origin. It is important, 
therefore, in the severer forms and in those cases in which permanent 
paralysis remains, that careful search should be made for primary 
organic disease of the central nervous system. 

Ocular Muscle Palsy Associated with Other Symptoms.— There 
are a number of well known symptom groups in which paralysis 
of an ocular muscle becomes part of a syndrome. The following 
have been recognized with sufficient frequency to require mention 
in a monograph of this character. A 

Gradenigo’s Syndrome.—The symptoms consi (1) Otogenic 
pathology (usually middle ear); (2) pain o side of the face 
(fifth nerve sensory branches); (3) paralysi e sixth or abducens 
nerve. This group of symptoms was éigpiissed under Etiology. 
The prognosis as to recovery from lsy is good, although the 
paralysis may continue for a Prg "veral weeks to three months. 
In a few instances, recovery h en place as late as six months 
after its onset. Insofar as gr aralysis is concerned, operative 
interference upon the mg&6xl is not indicated. The guide for 
opening or reopening th toid should be the otogenic symptoms. 
The muscle palsy in is not an indication for mastoid surgery. 
In the author’s nce, unless there is some good indication for 
reopening the wdwad, from symptoms referable to the ear, such 


operation dteSrot hasten the recovery of the muscle paralysis. 
The ear xo ion and other intracranial symptoms should be the 


guide N$ 
a 


Ş e surgeon. If such indications are not present, it is 
ae ophthalmic surgeon to counsel against operative inter- 
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The presence of papillitis and moderate degrees of choked disk 
is not a part of the syndrome, but an indication of more extensive 
pathology than is ordinarily found. It probably indicates, accord- 
ing to Cushing! a serous meningitis. The same complication has 
been observed in sinus thrombosis after ligation of the internal 
jugular vein. 

Contralateral muscle involvement usually indicates a coincident 
involvement. of the sphenoid, contralateral otogenic disease, wide- 
spread serous meningitis (Sears), or pressure of the basilar artery 
in serous meningitis (Cushing). 

Webers Paralysis.— Peduncular Oculo-motor Palsy.—A lesion of 
the cerebral peduncle may involve the oculo-motor nerve on the 
homolateral side in addition to complete contralateral hemiplegia, 
a hemiplegia involving the face, arm and leg (Fig. 97). A, graph- 
ically illustrates the reason for this group of symptoms. The 
lesion is above the crossing of the face, arm and leg fibers, and the 
third nerve makes its exit from the brain stem at this point to the 
inner side of the peduncle. 

Benedikts Paralysis.— Instead of a lesion deeply seated in the 
peduncle, a superficial lesion in the same location may produce a 
third nerve palsy on the same side as the lesion, and cause irritative 
motor symptoms on the contralateral side of the body. This is 
known as Benedikt’s paralysis. 

Foville’s Paralysis.—This group of symptoms consists rae: Wiis 
of the sixth or abducens nerve and of the facial nerve Ki e same 
side as the lesion, and contralateral involvement ole arm and 
leg. The lesion is situated in the lower part of en after the 
facial fibers have crossed, but before the mot © rs have crossed. 
The exit of the sixth nerve on the same iome it also to suffer 
if the lesion is extensive enough to reac If the sixth nerve is 
not involved, the crossed paralysis is kaown as the Millard-Gubler 
syndrome. Fig. 97, B, graphically lOs this lesion and the rea- 
sons for its appearance. 

Prognosis.. The prognosis ocular muscle palsies depends 
largely upon the characten Qh ation of the lesion and the under- 
lying pathology. Con eid palsies are permanent. Birth injuries 
and obstetrical palsieļ4 which are included in the congenital group, 
have a more hopefy}outlook. Even in these cases, the prognosis 
is doubtful. Tl e rule applies as in other forms due to trauma. 
n the severity of the injury. 


~\ 1. Brain, vol, 33, p. 204. 
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Traumatic Palsies.— Traumatic palsies in the acquired group are, 
for the most part, favorable. The sixth nerve injuries in fracture 
of the base, whether unilateral or bilateral, usually recover unless 
the injury is a direct one and the nerve is seriously damaged at the 


8799 Fi} É 
A iin 
Y 
an 
EW HG 
o NRE 


= 


SS 
=S== 


—— = 


Lr 
LLL 
LLZLEZ 


SA 
AW A. 


AANU 


yji 


J 


wy 
N 


j) 


N 


NG X (Z 


w ği 


i Fie. 07 —Mol J origin of alternating hemiplegia, according to Bing. 
+ 
time of Soins Ocular palsies, due to a blow upon the eyeball 
or bos it, also show a great tendency to disappear if due to 
preg from blood extravasation. When due to direct injury 
oe is incomplete at best. ‘The paralysis often is permanent. 
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Vascular and Inflammatory Types.—A paralysis due to vascular 
lesions of the brain stem and the base show a marked tendency to 
recover. When the lesion is of an inflammatory character, such 
as basal meningitis from any cause or as in epidemic encephalitis, 
the prognosis is grave if the patient recovers from the meningitis. 
As stated in the section on Etiology, abducens paralysis due to 
otogenic pathology, Gradenigo’s syndrome, disappears in a majority 
of instances without surgical intervention. Nuclear palsies from 
any cause are apt to be permanent, although in some instances they 
are but transitory. On the other hand, palsies due to intraorbital 
inflammation (abscess, sinus disease, etc.) offer a good prognosis if 
the cause can be removed. 

In lues the prognosis is variable. As a rule, prompt luetic treat- 
ment is often followed by rapid recovery. A gummatous lesion, 
however, directly involving the nucleus or nerve trunk, is apt to 
leave a permanent paralysis. In tabes and multiple sclerosis, 
palsies come and go, but in many instances they become permanent. 

Chronic nephritis and diabetes are the cause of many transitory 
palsies of the ocular muscles. It is probable that edema plays an 
important role in their production, but they are also toxic in origin. 
The prognosis as to recovery from the palsies is good. 

Neoplastic Causes.—The temporary or permanent character of 
palsies caused by brain or orbital tumors is predicated: (1) Upon 
direct involvement of the nerves in the growth; (2) noe olve- 
ment from indirect pressure from the tumor; (3) "essure 
from exudate and edema. If the former condition p ls, recovery 
does not often occur. If the palsy is due to inde pressure, to 
edema, or hemorrhage, the outlook is good. 

Toxic Causes.—'These are the most hopet aes. Few toxemias 
leave permanent damage, whether from the skull or periph- 
eral. Those occurring in chronic Bpights disease and diabetes, 
and the peripheral palsies from ps uae usually recover. One 
case of the author’s of internal @Pythalmoplegia, due to Vincent’s 
angina of the mouth, left upillary sphincter permanently 
paretic. Accommodationyyestored. : 

A form of ocular pals) Neh occurs in spinal anesthesia should 
not be omitted. Tidal recti occasionally become paralyzed 
about two To the anesthesia. The prognosis is favorable. 
One case in the VA ’s experience deserves special mention, as it 
probably S In this group. The paralysis was an abducens 
palsy 1 PAN à AD which followed the withdrawal of spinal fluid. The 
paralysig po ed in a few days. Inasmuch as there was nothing 
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else uncovered to account for the palsy, which appeared promptly 
after withdrawal of the fluid, its presence was attributed to the 
spinal puncture. 

Treatment of Ocular Muscle Palsies.—The patient primarily 
consults the oculist for relief from the subjective sensations, diplopia, 
vertigo, and sometimes nausea and vomiting. The first. step in 
treatment, therefore, is occlusion of one eye by an eye pad. All 
symptoms immediately disappear, and rational treatment may then 
be instituted. 

The treatment consists: (1) In the use of measures and drugs 
which will tend to relieve the underlying pathology; (2) in surgical 
procedures which will help to restore binocular single vision and 
correct the squint; (3) in the relief of such complications as torticollis, 
spinal curvature, and unusual poses of the head which are acquired 
by the patient in his own personal efforts to relieve his diplopia. 

It is important in each case, if possible, to determine the character 
and location of the lesion. These facts not only help the surgeon 
to form some idea as to prognosis, but guide him in his therapeutics. 

Lues is an important factor in a large number of cases, and 
although a positive Wassermann is not conclusive evidence of the 
luetic character of the palsy, it furnishes strong presumptive evidence 
of the same. Further confirmation should be sought by the thera- 
peutic test, namely, the institution of antisyphilitic treatment. 
This, as we are all aware, has undergone radical cQanges during 
the last decade. Much advance has been m y the newer 
methods now in vogue. The best of the 1 K methods should 
-be employed, and the patient should be the advantage of 
present day antiluetic therapy. It shrot be forgotten, how- 
ever, that rapid mercurialization ọ D patient is as prompt in 
bringing relief in ocular and brain D ils as are the newer methods. 
Furthermore, it is important th&t treatment should be instituted 
early to prevent, as far as pose, further development. To this 
end, the author has away. @und inunctions of mercury of great 
value, and the best for the administration of mercury. To 
this should be add e other antiluetic treatment referred to 
above. As luetig ‘ies are late lesions, iodine is of much value. 
The tincture oKigfline should be given in 10-drop doses in milk 
three times @ily. The dosage may be increased to the point of 
toleration Tasmuch, however, as it accomplishes most good 
when.a@eiF over long periods, a maximum dose of 15 minims 
thr Ws daily is an average safe limit, which may be continued 
Mier without unpleasant symptoms. Tincture of iodine 
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is also of great value in those cases which are due to inflammatory 
processes, hemorrhage, and exudate. 

In a great number of cases, the treatment is that of the under- 
lying pathology. In nephritis and diabetes, for example, elimina- 
tion through skin and bowels, the correction of diet, ete., suffice. 
No additional measures directed toward the muscle palsy are 
necessary. 

In those cases which are due to orbital pathology, sinus disease, 
etc., it is important that prompt measures be directed toward 
the relief of the orbital condition. Radical nasal surgery is as 
important in ocular muscle palsies due to this. cause, as it is in 
disease of the optic nerve. 

In otogenic pathology, the treatment must be directed to the 
middle ear and mastoid. It should be recalled that sixth nerve 
‘palsy in itself, is not an indication for opening the mastoid if this 
paralysis occurs during the course of a mastoiditis. The surgeon 
should be guided by other symptoms which point to radical surgery. 
In these conditions, however, tincture of iodine is always indicated. 

Strychnia.—Strychnia has been regarded as of much value in 
ocular palsies.’ Its value is questionable, but the drug may never- 
theless be used. Increasing doses are advised and should be con- 
tinued for a considerable time. 

Electricity.—There are differences of opinion as to the value of 
electricity. Faradism is popular, but its value lacks gp scientific 
proof. When increase in muscle tone is sought, Sites 
current is of value in producing muscle contracti The lesion, 
however, in most cases of muscle palsy is a nerv 1. If electric- 
ity in any form is of value, therefore, in the nditions, it is the 
galvanic current to which we should lool p. This may safely 
be administered up to 2 milliampereg. e positive pole may be 
applied to the back of the neck andake negative pole to the eye. 
High frequency is employed by sot¥é, but there is no conclusive 
evidence that it is of any gr alue. The galvanic current is 
recommended. O 

Mechanical Measures. Nici of the muscle by the Michel 
method under cocain {Dhot commended itself to the thoughtful 
surgeon. If the nervNegion is removed, the muscle function will be 
restored lee Better results in the exercise of the muscle 


= 


— 


y the use of the stereoscope. This instrument 
tends to ex@xXs® the muscle in its proper relation to the other mus- 
cles. A muscle never operates as an individual, but in com- 
bined .éetion. Restoration, therefore, to normal activity is best 


> 


may be obtaine 
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obtained first, by removing the pathology which causes the nerve 
lesion; and second, by the proper exercise of the paretic muscle 
along with its fellows in a normal way. 

Surgical Treatment.— Ocular muscle palsies, as a rule, are slow in 
recovering, and it is not unusual to find them present for two and 
three months. The question naturally arises, how long should the 
surgeon wait before operative measures may be safely instituted? 
A year after the onset of the paralysis is a safe limit, if no improve- 
ment is manifest or if such improvement has come to a standstill. 
In some instances, operative interference may be Justified at an 
earlier date, but these are the exceptions. 

It is a difficult matter to lay down definite rules for guidance in 
surgery for paralytic squint. Each case becomes a law unto itself. 
One can definitely state, however, that if the surgeon expects to 
get results by such methods as are applied to concomitant squint, 
he will meet with disappointment. 

The most favorable form of individual muscle palsy for surgical 
intervention is that of paralysis of the external rectus. Advance- 
ment of the paralytic muscle and free tenotomy will not suffice 
to more than bring the eyes to parallelism in primary position. 
There will be no external rotation. The O’Connor operation offers 
more. This consists in shortening the external rectus and in 
splitting the superior and inferior recti, attaching the outer strands 
of each muscle to the stump of the external recp More cor- 
rectly speaking, these detached parts of the ial recti are 
attached to reflected strands of the externa us, as shown in 
Fig. 98. A number of tendon transplapgySons have been per- 
formed by the O’Connor method, and so es more simple technic. 
The results are encouraging. The ate operated on 4 cases 
by this method, in 3 of which the QY were good. In one case only 
an external rotation of 15 degre Kas obtained. The most brilliant 
case was in a woman, aged forfour years, who had a congenital 
palsy of the left external ~ This patient recovered almost full 

e 


rotation to the tempor The second case was moderately 
successful and the indifferently so. In each instance, the 
external rectus dvanced and the internus was tenotomized 
and reattached Wwe back toward the equator. O’Connor recom- 
mends locab Ggsthesia for the operation. In the author’s experi- 
ence aN @Ninesthesia is better. Paralysis of the internus may 
ae «Nn Ore same manner. 

Be sis of a Vv ay acting g mnpeles, aN may be done i in 
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type of case is not sufficient to cause a pronounced squint, one 
intervenes largely to relieve the distress of the patient caused by 
the diplopia. Transplanting of tendons offers the best results. 
In the case of the superior rectus, for example, the vertical diplopia 
as well as the leaning of the false image can be reduced to a minimum 
by advancing and reattaching the tendon to a more adv antageous 
position. A recession of the inferior rectus may be necessary to 
obtain maximum results. As the lower field is important to the 
patient, every effort should be made to restore a vertical balance 
insofar as possible. 


PA ~\ 
Fic. 98.—The O’Connor operation for paralysis of the external red im scle. 


Tenotomy of an over-acting yoke muscleisof gr Ip in reducing 
an imbalance to a degree which the patient cf tolerate. I ae 
was the strongest exponent of this Ho Theoretically, 


seems both logical and illogical to place ¢h OS muscle in the same 
paralytic condition as its mate. In lẹ&®al rotations, it is illogical 
and in practice contraindicated. T ny, however, of the inferior 
oblique, when the superior rect F the other eye is paralyzed, 
has been of wonderful aid inr g symptoms. An unpublished 
case of the author serves y illustrate its value. The case was 
one of paralysis of the 1 [oa rectus. Over-action of the left 
inferior oblique was indtwafed by an up-shooting of the left eye when 
the eyes were tungko the right. Tenotomy of the left inferior 
oblique immedia relieved this symptom and brought the true 
and false im Ke a level, as tested on the operating table. After 
a time fati X aused a partial return of the vertical diplopia which 
was È y advancing the right superior rectus. 
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Incision for tenotomy of the inferior oblique is made through 
the skin along the orbital rim at the junction of the inner and middle 
thirds. The incision is carried to the bone. A tenotomy hook 
passed toward the nose locates the tendon. No cutting should be 
attempted until the surgeon can satisfy himself, by pulling on the 
tendon, that the tendon is on the hook as shown by the rotation 
of the eye. The tendon is then freely cut with Stevens’ muscle 
Scissors. . 

Operation for inferior muscle palsy is even more urgent, and at 
the same time less satisfactory, than that of the superior muscle. 
An effort should be made to advance the paralytic muscle as freely 
as possible and to perform a recession (not a tenotomy) of the oppos- 
ing rectus. In fact, the surgery should be confined to recti muscles. 
It is not improbable that a tenotomy of the yoke superior oblique 
of a paralytic inferior rectus might be as satisfactory as the same 
operation on the inferior oblique. It has not, however, been practised 
with sufficient frequency thus far to warrant an opinion as to its 
advisability. It offers a field for further investigation.. The proper 
surgical attitude toward the question should be one of an open 
mind. If marked over-action develops, tenotomy of the muscle 
will probably furnish the same relief as that found in tenotomy 
of an over-acting inferior oblique. 

If surgery cannot relieve the distressing symptoms found in para- 
lytic squint, the surgeon has recourse to two hods. Either 
the paralytic eye can be occluded by means of g&dsteéd glass, or by 
a bandage, or the question of enucleation mz Q considered. The 
former method is the one which usually ollowed. In a few 
instances, at the urgent request of th ent, enucleation or one 
of its modifications has been pragi It is too serious for the 
surgeon to assume the respo, kas There are instances of 
extreme nervous imbalance feltywing in the wake of an ocular 
palsy, which seem to justify the sacrificing of a perfectly good eye 
to restore nervous balan It is a responsibility, however, which 
should frankly be put he patient for decision. 

Complete third NP palsy, if permanent, confronts the patient 
and surgeon weth\y) serious problem. The accompanying ptosis 
precludes ae From a cosmetic standpoint, surgery may be 
demanded? Phe lid may be raised by crutch glasses or by a suitable 
operatione 1ucleation is considered. It is inadvisable, however, to 
HANS Sr ptosis if enucleation is not considered at the same time. 
Té y of the external rectus and the superior oblique will not 
yoe diplopia. Muscle transplantation may bring the eye to 
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occupy a central position in the palpebral fissure, but it will not 
restore rotational power. All these facts should be definitely stated 
to the patient before any operation should be undertaken which is 
purely cosmetic in character. 

Measures to Relieve Complications.—The most serious complica- 
tions to be met are: (1) Profound nervous upset; (2) torticollis 
as the result of the vicarious rotations of the head; (3) spinal curva- 
ture which is also due to the same cause. 

There are extreme instances of the first complication which 
demand active measures for its correction. One of the most pro- 
found cases of neurasthenia which the author has ever seen was 
due to paralytic external and superior recti. In most instances, 
nervous phenomena disappear with the correction of the squint, or 
the elimination of diplopia. The treatment, therefore, of this 
condition resolves itself, into: (1) Corrective measures, either by 
occlusion of the paralytic eye, or the correction of the squint by 
operative measures; (2) treatment directed toward the profound 
neurasthenic condition into which the patient has drifted as the 
result of the paralytic phenomena. The latter is of little avail with- 
out the former, and it is almost equally urgent to follow the former 
corrective measures with suitable treatment, leading to a restoration 
of nervous and mental equilibrium. It not infrequently happens 
that the complications mentioned are all found in the same patient. 

Torticollis is distressing. It disappears after the copregtion of 
the diplopia, but often requires prolonged treatmen a assage 
and electricity to entirely overcome the tendency. holding of 
the head in cramped positions to reduce the verti iplopia, event- 
ually causes spasm of the neck and spinal muXk Occipital ache, 


neurasthenic symptoms and spinal curv ollow in succession. 
It is needless to say that until the diplopia% Been removed, efforts 
to correct the complications will be fr ss. 


Although the matter has been pre#ously discussed, the author 
feels that it is apropos to agai Bret attention to the fact that 
“head poses” which are peculis rtain individuals, often thought 
to be an individual idiosý Ys Sy and “assumed,” should receive 
careful attention from C athalmic surgeon. They often indicate 
congenital or acquire ular muscle anomalies which a careful 
study will reveals Ae author recalls a conspicuous instance of 
this character s(f§‘ted from many others. The subject was a 


clergyman Si regarded as “affected”? by many of his people, 


because h d it necessary to hold his head in a peculiar position 
l on EA lown over his congregation in order to overcome a 
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sensation of vertigo. An examination revealed a congenital left 
superior rectus palsy. 

The same applies to spinal curvature. Obscure cases should be 
carefully examined for ocular muscle disturbances, especially when 
the head is shown to have an unusual pose. 


CONJUGATE PARALYSIS AND CONJUGATE DEVIATION. 


Lesions within the brain, above the nuclear centers in the floor 
of the fourth ventricle, may cause binocular motor spasm and 
motor palsy, which are known as conjugate deviations and con- 
jugate palsies. Lesions in and below the motor centers cause 
single or multiple palsies of the corresponding eye unless the lesion is 
large enough to include both sides. The only exception to this state- 
ment may occur in a lesion of the pons which includes the sixth nerve 
nucleus. The internal rectus of the opposite eye is also found to 
be involved in parallel movements to the side of the lesion. 

Conjugate centers for movement of both eyes to the left are 
located in the mid-frontal convolution of the right side of the brain. 
Conjugate centers for movements to the right are in the left frontal 
convolution. A lesion in this area on the right side of the brain, 
if a destructive one, will cause deviation of the eyes to the right or 
toward. the side of the lesion. The reason for thixis evident. If 
the right frontal centers are destroyed, mov, ms to the left 
cannot occur, and the opposite centers will angst to the right. 
This condition is known as a conjugate parg@WF to the left in right- 
sided lesions. 

If the lesion is an irritative one, th€\é¥es will be turned to the 
opposite side, and the condition T n as a conjugate deviation 
to the left. Occasionally one on e face is turned in the opposite 
direction. That is, the face ney e turned to the right and the eyes 


to the left. 
The frontal convoluta however, is not the only part of the 


brain in which thes ge ena may occur. Conjugate movements 
may be disturbec an interruption of the fibers connecting the 
conjugate C h the motor centers in the fourth ventircle; by 
an interruptjor the intercommunicating fibers, for example, in 
the angulågy rus which serves as a passageway for the communica- 
ting fi They may occur in the cerebellum because the cerebel- 
lur ie ation which serves to control and govern ocular movements 
as Ñ as other motility of the body. 


yr all these higher centers or connecting paths, the conjugate 
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palsies follow the same laws, namely, destructive lesions cause 
conjugate deviation toward the side of lesion and irritative lesions 
give rise to conjugate deviations to the opposite side. 

The exact location of the lesion is largely determined by the asso- 
ciated symptoms. For example, a lesion of the angular gyrus 
on the left side may be associated with alexia, inability to read 
printed or written words. A lesion in the cerebellum, associated 
with conjugate paralysis or deviation, may be accompanied by other 
symptoms of cerebellar or cerebello-pontine angle disease. 

Conjugate palsies are often associated with hemiplegias. They 
may be well marked during the stage of unconsciousness, but 
gradually disappear. They may be permanent, but as a rule, are 
rather transitory. As Bing expresses it, “the accessory cortico- 
nuclear connections of the same side may gradually take over the 
work vicariously.” 

Lateral conjugate palsies also arise from lesions of the pons. 
In this part of the brain, after the cortical fibers have crossed, the 
eyes naturally will turn away from the lesion, if it is a destructive 
one and toward the lesion, if an irritative one. This, it will be 
observed, is directly opposite to that found in lesions of the cerebrum. 
Furthermore, it should be noted that a lesion of the sixth abducens 
nerve is associated with a corresponding disturbance of the internal 
rectus of the opposite side. There is a collateral connection between 
the nucleus of the sixth and the nucleus of the bran onhe third 
nerve which supplies the internal rectus. This is tl A exception 
to the rule that supranuclear lesions cause conjuga, Bes of palsies, 
and nuclear and infranuclear lesions, individu Isies. 

The differentiation of the location of the @sfon in the brain or 
brain stem is made by the associat aptoms. Brain stem 
symptoms differ from those of the brain er. This was discussed 
under Special Clinical Types of Oow Nerve Palsies. 

Conjugate Paralysis of Up and_Dtéwn Movements, of Convergence 
and Divergence.— Paralysis Qs or down movements of both 
eyes is rarely found alone, bep»<Pally is associated with convergence 
palsy. The lesion is of und along the aqueduct of Sylvius in 
the floor of the oy ntricle. Not infrequently, the anterior 
corpora quadrigemi re involved. A very small lesion in this 
area will interre posterior longitudinal bundles through which 
the fibers RN Up and down movements apparently are not 
involved ions of the internal capsule, unless both internal 
capsule we imultaneously the seat of disease (Bing). 
ae nanence of these latter conjugate paralyses depends upon 
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the character of the lesion. If organic or due to tumor formation, 
they are symptoms which often mark the beginning of the end. 
In cases of injury with basal involvement, the symptoms are apt 
to be transitory and disappear as the patient’s general condition 
improves. 

Divergency Palsy.— Divergence palsy is the rarest of all conjugate 
palsies. It is probably seen more frequently as a permanent symp- 
tom following lethargic encephalitis than associated with any other 
pathology. In its diagnosis, one must differentiate between diver- 
gence palsy and bilateral paresis of the external recti. The diplopia 
field is clearly differentiating. In bilateral abducens paralysis, ` 
the true and false image will separate more and more, as the light 
is carried to the right and to the left. In divergence paralysis, 
separation of the image remains the same in all parts of the hori- 
zontal field, if the same distance from the patient is maintained. 

The character of the lesions which cause conjugate deviation and 
conjugate palsy varies. They are for the most part vascular and 
inflammatory, although new growths are responsible for a minority 
of cases. It is a symptom which rarely occurs in organic diseases 
such as tabes, multiple sclerosis, etc., although a limited number 
are on record. Injuries at the base of the brain are responsible for 
a fair proportion of convergence and up and down conjugate palsies. 
Lethargic encephalitis is a recognized cause of divergence and con- 
vergence palsy. Lateral conjugate palsies have beea\observed in 
hysteria. 

Spurious Conjugate Palsy.— There are instan Qy spurious conju- 
gate paralysis, such, for example, as are fot hysteria, in malin- 
gering and in cases of pain when movenRyy are attempted in the 
opposite direction. 

As a differentiating test bet KS genuine and the false 
von Graefe’s test may be apph The test consists in placing 
before the patient’s eyes, tw or 20 diopter prisms with the 
apices in the direction 1 ich movement is desired. As the 


patient fixes on a distant , if the conjugate paralysis is genuine, 
there will be no move of the eyes either when the prisms are 
placed before th or when they are removed. If the eyes 


are capable of mdxeMment, however, a movement toward the apices 
may be obser, GA when the prisms are held in front of the eyes, and 
a Dee ON enan in the opposite direction when they are 
remov COT malingering, this test may be of value as a means of 
differendation. 
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Skew Deviation.—A rare condition is that known as skew devia- 
tion, a condition in which the eyes instead of deviating conjugately, 
may assume opposite positions. Purves Stewart,! records a case of 
extensive hemorrhage in the right lobe of the cerebellum and pons, 
in which the right eye was deviated down and in, and the left eye 
up and out. Gowers believes the lesion is in the middle cerebellar 
peduncle. "a 

Duane? included in this group of disjunctive movements cases of 
anaphoria and cataphoria, 2. e., double hyperphoria and double 
hypophoria. The etiology, however, of these conditions is totally 
different. The cause is probably peripheral and not central, as in 
the case cited above. Disjunctive movements under the cover test 
may, however, be elicited in paralysis of one or more muscles of 
each eye. 

Treatment.—The treatment of conjugate deviations and conju- 
gate palsies must be directed to the underlying pathology. 


1 The Diagnosis of Nervous Diseases, 5th ed., p. 136. 
2 Posey and Spiller: The Eye and Nervous System, p. 283. 
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NYSTAGMUS OR TALANTROPIA. 


Rar oscillating movements of the eyeballs is known as nystag- 
mus, or to use the term of Stevens talantropia. These movements 
vary in character, in extent, in rhythm, and in direction. ‘They 
usually are bilateral, but occasionally are unilateral. The move- 
ments may be horizontal, vertical, rotatory, or mixed (combining 
horizontal and vertical). Bilateral nystagmus usually is conjugate 
in character, i. e., both eyes move in the same direction, syncro- 
nously, but occasionally disjunctive oscillations are recorded. It 
varies in degree from coarse irregular searching movements to fine 
rhythmic-movements of great frequency. All forms, degrees and 
variations are included under the same term of talantropia. All 
forms, like concomitant squint, cease during sleep. 

Varieties.— Insofar as the oscillations are concern 
movements predominate. Spicer! found 50 per cent 
which he examined had horizontal nystagmus. 
the eyeballs rotating around the optic axis 


horizontal 
he 200 cases 
ry movements, 
e obsrved in 15 


per cent. In 12 per cent he found vertica llations. Four per 
cent were of the mixed type, horizont vertical combined. In 


the bilateral cases, but 1 per cent we nvergent, all others were 
parallel in character. Unilatera ko excepting in spasmus 
nutans of children, are rare. Unilðéral cases, as a rule, are vertical 
in character. The oscillation very rapid and of short amplitude. 

Character and Frequence scillations.— Maddox estimates the 
frequency of the mover to be from 10 to 350 per minute. The 
extent or amplitud DN from oscillations, almost imperceptible 
to the naked eye, tA dod in some instances, even more millimeters. 
Nystagmus Le i from early childhood and vertical nystagmus 

S 


Y 


of spasmus nY is rapid.. Most cases which are due to acquired 
defects Sy are slower and coarser than those which occur in 


conger ases. The movements observed during convalescence 


~\ 1 Ophthal. Rev., May, 1914, 
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from a paretic muscle, when the eyes are turned as far as possible 
in the direction of the paralyzed muscle, are coarse and jerky, 
lacking in the rhythm usually observed in other forms. This type 
of nystagmus is recognized under the term pseudonystagmus by 
some authors. 

Coppez! recognizes the oscillations first as spring nystagmus, and 
second, as undulatory. In the first, there is a slow movement fol- 
lowed by a rapid recoil. In the second, the movements are equal. 
A typical instance of the first is that of vestibular origin. The 
second type is observed in miner’s nystagmus. Although C nee 
discusses the underlying pathology of both forms at length, 1 
explanation, acceptable to all, has thus far been produced to as 
ically explain the reason for the difference i in the character of the 
oscillations. 

Methods of Studying the Oscillations.—As Edward Jackson? 
pointed out, there is no difficulty in studying and measuring the 
amplitude when the movements are slow and coarse. He suggests 
the holding of a ruler before the eye to measure an amplitude of 
2 mm. or over. For the same study, the corneal reflex from an 
electric light may be observed. Rapid movements of slight ampli- 
tude require an instrument with some magnifying power, such as 
the ophthalmoscope. 

Wilson? offers an ingenious device for the same purpose. For 
proposes of magnification, he places 20 diopter sph, in a trial 
frame before the patient’s eyes. Two 12 dioptepspgsnis are held 
apex to apex and in such a position that the two ex are brought 
together so that they touch. ‘This offers uC. Yuntageous position 
to study the movements of the two eyes to 

The ophthalmoscope focused E Gè. vessel detects the 
presence of fine nystagmoid AURA Cah may not be recognized 
by the naked eye. 

Study by Slit Lamp and Fer su) Perimeter.—'Two of the 
newer instruments now in Crier a better means of studying the 
character and extent o cillations than any of the methods 
thus far devised, or atN&g8t available in an average office. They 
are the slit lamp a Q Ferree-Rand perimeter. 

In the former, ` 55 objective with a micrometer ocular not 
only enables fepbserver to study minutely the character of the 


movement, (Q) he micrometer ocular can be used to advantage in 


b 


. O 
X 1 Arch. d’ophthal., September, 1913. 


2 Ophthal. Rev., January, 1910. 


~\ 3 Brit. Med. Jour., November 22, 1913. 
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measuring the amplitude of the oscillation. A fine adjustment of 
the band of light can be made on the pupillary edge as it moves along 


‘the scale in the ocular, and deductions can be made on the amplitude 


according to the rules laid down for the estimation of dimensions of 
any definite area. 

On the Ferree-Rand perimeter, the ophthalmoscopic centering 
device is so definite and refined that similar observations can be 
made on this instrument. Although a micrometer scale in its 
present form is not a part of the equipment, such an addition could 
be made for purposes of measuring the amplitude of oscillations. 

The advantage of these two methods, aside from accuracy and 
the ease with which studies can be made, is the fact that no additional 
instrument need be added to one’s equipment to meet the emergency 
for this special study. 3 

Etiology.—It is difficult to classify all forms of nystagmus from 
an etiological standpoint. This difficulty arises from the great 
number of conditions in which nystagmus is found, and also in a 
great measure, from a lack of thorough understanding as to how the 
oscillation is brought about. 

The classification of Maddox is probably as simple and at the 
same time as comprehensive as any. In the first group, he includes 
visual defects; second, neuro-motor exhaustion; third, organic 
diseases. 

Visual Defects.— Visual defects are the predominat 
early childhood. If these defects are present before 
acquired, even though the visual disturbance m% 
Maddox points out, nystagmus may remair his fact explains 
many cases of nystagmus in older children Oh cannot otherwise 
be explained even though there may rsist moderate lowering » 
of central visual acuity. Among tl Gs operative in childhood, 
congenital cataract, corneal nebu Kian ophthalmia neonatorum 
and macular disease are the chiefy It is probable, however, that 
visual disturbances such asaMgh degrees of astigmatism which 
are not corrected at this period are also responsible for a 
number of cases. The®) or has observed a number of cases of 
this type for which O causes could be found. 

In adults, visual Ches do not produce nystagmus unless macular 
vision is distur, It is observed in complete monocular blind- 
ness, but BO in macular vision is also lost. In cases of squint 


factors in 
ion has been 
disappear, as 


1 Lab NY nystagmus is not included in the forms discussed. For a study 
of this f N the reader is referred to the many excellent books on the ear and 


monggň%phs on labyrinthian disease. 
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in which nystagmus sometimes is observed, it is probable that in 
each instance, either congenital amblyopia or amblyopia exanopsia 
is present. 

Neuro-motor Exhaustion.—Neuro-motor exhaustion probably 
expresses exactly the cause of miner’s nystagmus. The cramped 
position in which the miner works, associated with poor illumina- 
tion, brings about the condition. When these patients are rescued 
from their usual occupation and are given fresh air and light, the 
nystagmus disappears. Like other forms of occupational neuroses, 
the oscillation is apt to recur if the occupation is resumed. 

If newro-motor exhaustion is broadly interpreted, nystagmus 
associated with the nodding spasm of infants may be said to be 
due to this cause. It occurs in children suffering from rickets. 
The nystagmus is more often unilateral than bilateral. It is, as 
a rule, vertical in character and very rapid. Accompanying it, 
is the characteristic nodding of the head. In the author’s experi- 
ence, the head nodding is in the vertical direction, although he has 
seen a number of cases of side to side movements of the head. 
The underlying factor is malnutrition and with the correction of 
the rickets, nystagmus and head nodding disappear. The prog- 
nosis, therefore, is good. 

There is a form of lateral nystagmus and lateral head movement 
which persists through childhood and even into adult life. It is 
probable that some of these cases, while not the typigal nodding 
spasm just referred to, also have a basis of malnt n’very early 
in life. Although the body nutrition is correcte habit remains. 
Such forms of nystagmus are more or less He: mttent. There are 
times when all movements cease for a few MO: ents, but recur espe- 
cially when the child is under tensio o children are of the 
“nervous” type, timid, and retiring, aħdéxtremely sensitive. They 
rarely recover completely eithertkom nystagmus or from head 
rotation. 

Organic Disease.—Nystag. 


may occur in disease of any part 
of the central nervous sys hich will disturb the function of the 
conjugate centers. Mr ear disease, lesions of the pons, anterior 
quadrigeminal bod sOhtic thalami, cerebellum and peduncles are 
especially apt to ecompanied by nystagmus. It is a charac- 
teristic sympt. Gp of Friedreich’s disease, a symptom which dis- 
tinguishes it Ni locomotor ataxia. In this disease, the nystagmus 
consists Q irregular oscillation of the eyeballs when attention 
is fix YY an object moving especially in the horizontal plane. 
The\symptom is rarely absent in Friedreich’s disease, and if absent, 
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can be elicited by causing fixation on a moving object, or by turning 
the patient around his vertical axis. It is not within the domain of 
ophthalmology to differentiate this disease from hereditary cere- 
bellar ataxia, execpting insofar as the latter disease is associated 
with many eye symptoms such as optic neuritis, ocular palsies, 
etc., whereas nystagmus may be the only eye symptom found in 
Friedreich’s disease. As to location, the pathology of Friedreich’s 
disease is supposed to be located in the cord; that of hereditary 
cerebellar ataxia, in the cerebellum. 

Nystagmus has not been observed in paralysis agitans, a condi- 
tion in which one might expect to find it. The reasons for its 
absence are to be found in the fact that lesions of paralysis agitans 

rarely involve the cerebellar pathways. 

In multiple sclerosis, oscillation of the eyeballs is a characteristic 
symptom. It is similar in character to that found in Friedreich’s 
disease. When at rest, there is no evidence of nystagmus, but 
fixation especially along the horizontal plane, causes it to appear. 
Like that of Friedreich’s disease, it can also be elicited in fixation in 
the horizontal plane. It is not a true rhythmic oscillation, but some- 
what irregular. Because of the underlying pathology, no disease 
of the central nervous system is more varied in its symptomatology 
and insofar as eye symptoms are concerned, nystagmus is perhaps 
the most constant and characteristic when present. 


According to Gowers, nystagmus is occasionally foun spastic 
paraplegia, in ataxic paraplegia, in extreme cases of m e*neuritis 


syringomyelia. 
Disease of the subcortical areas of the cere bor is rarely accom- 
panied by nystagmus, excepting in such Aon which arise from 


due to profound toxemia, in progressive as hy, and in 


wide-spread toxemias, either from witl from without. The 
cerebellum, on the other hand, being {controlling center, through 
which associated fibers must pass, n disturbed by pathological 
processes, is apt to give rise to ny@emus. In disease of the lateral 
lobe, oscillation of the eyebe ually develops when the patient 
looks toward the side hom al to the lesion. 

Treatment of Nystag O n those cases which are due to central 
visual disturbances, a must be directed to the cause. 


The development his complication in congenital cataract is an 
argument in fa early operation in this condition. It is not 
the only cones on which should determine the time of operation, 
but it is aN ortant one. Even though central visual disturbance 
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is corrected, if nystagmus has been present for a considerable period, 
it may remain throughout life. 

If no pathology of the media is found in nystagmus of young 
children, and no evidence of macular disease can be uncovered, 
high refractive errors, especially if astigmatic, should receive careful 
attention on the part of the physician. In albinism, little can be 
done, but the constant wearing of dark glasses may be of some aid. 

In the second group of causes, neuro-motor exhaustion, the 
prognosis is good’ if the cause is removed. Miner’s nystagmus 
yields to treatment if the patient is removed from his usual occupa- 
tion, brought into good light, and treated with tonics. 

Nystagmus of infants, associated with spasmus nutans, yields to 
treatment directed to the rachitic condition which is the underlying 
cause. The prognosis in these cases is always good. 

It is evident that in a majority of instances in which the nystagmus 
is due to organic disease, no improvement can be expected, unless 
the underlying pathology can be removed. 
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Development of the orbit, 22 
Diplopia, 239 

physiological, 78 

postoperative, 213, 215 

in paralytic squint, 239 

method of studying, 240 
Divergence paralysis, 280 
Donder’s law, 51 
proof of, 52 

Ductions, 98 

method of taking, 99, 102 


E 


ESOPHORIA, 92, 132 
etiology of, 133 
symptoms of, 136 
treatment of, 136 
convergence and accommoda- | 
tive repression in, 141 
medical, 139 
prism training in, 139 
prisms in glasses, 141 
recessions, 143, 144 
refraction in, 137 
resections, 143, 144 
stereoscopic training in, 139 
surgical, 142 
tenotomies, full, 143 
partial, 142 
tuckings, 143, 144 
Esotropia, 174 
alternating, 209 
amblyopia, 211 
course, if untreated, 210 
diagnosis of, 210 
etiology of, 209 
treatment of, 210 
choice of operation, 212 | 
fusion training, 211 
operative, 211 
over-correction, 212 


postoperative diplopia, | 


refraction, 210 
monocular, 176 
anisometropia, 178 


amblyopia, 180 

ex anopsia, 182 my 
classification of, 
defective unex Oe 


179 
etiology of f1 
false macul X 
field of tion of, 189 
growin of squint, 182 
ae factors, 179 
tlie 


xation, 188 


S scle theory of, 179 
ocasional 170 
? 


Esotropia, monocular, premonitory,175 
refractive errors of, 177 
spurious, 175 

| studies to be made, 190 

| suppression of image, 186 

symptoms of, 181 

treatment of, 198 

advancement operation, 
206 

atropine in fixing eye, 200 

choice of operation, 205 

occlusion of fixing eye, 
200 

prevention of amblyopia, 
200 

refraction, 199 

stereoscopic training, 209 

tendon recession, 207 

tucking, 206 

training of fusion faculty, 
201 

| Estimation of depth, 81, 82 
binocular, 81, 82 
monocular, 81, 82 

Etiology of cyclophoria, 159 

of esophoria, 133 

of exophoria, 145 

of hyperphoria, 119 

of paralytic squint, 223 

Exophoria, 92, 144 

classification of, 145 
accommodative, 146 
essential, 146 
presbyopic, 14 

diagnosis of, 147 

etiology of, 1 

symptoms of 

treatment 


raction, 149 
Qrecia exercise, 152 
(2) urgery, 156 
5 pia, 213 
accommodative, 214 
advancement of internal rectus, 
218 
classification, 214 
correction of postoperative, 219 
essential, 214 
etiology of, 214 
fusion training in, 217 
myopic, 214 
| occlusion of fixing eye, 217 
postoperative, 215 
refraction in, 216 
relation to vertical imbalance, 217 
symptoms of, 21 
| treatment of, 216 
surgical, 217 
| tucking of internal rectus, 218 
External rectus, 32 


INDEX 


External rectus, action of, 32 
nerve supply of, 32 
paralysis of, 253 


F 


Farse macula, 186 
torsion, 51 
table of, 55 
Fascia of orbit, 23 
check ligaments, 26 
muscle sheaths, 20 
Tenon’s capsule proper, 23 
Ferree-Rand perimeter for studying 
nystagmus, 284 
Field of fixation, 72 
meridians to be studied, 76 
method of measuring, 73 
of recording, 74 
Fixation, 71 
lost, 188 
Fourth nerve, 
nerve. 
Foville’s syndrome, 269 
Frequency of hyperphoria, 119 
Functional rest, position of, 71, 89 
Fundamental laws, 76 
Fusion, 80 
breadth of, 80 


aa See Trochlear 


Hypertropia, etiology of, 220 
treatment of, 221 
fusion training in, 221 
prismatic correction, 221 
refraction, 221 
surgery in, 221 
Hypokinesis, 92 
Hypophoria, 91 
double, 92 


I 


INDIRECT vision, 72 
Inferior oblique muscle, 35 
action of, 35 
nerve supply of, 35 
paralysis of, 260 
rectus muscle, 30 
action of, 30 
nerve supply of, 30 
paralysis of, 257 
Infraduction, 99 
Innervations, 68 
centers of, 69 
Insertion spiral of Tillaux, 57 
Internal rectus muscle, 32 
action of, 32 
nerve supply of, 32 
paralysis of, 254 


faculty, development of, 80, 173 


G 


GRADENIGO’s syndrome, 268 
Growing out of squint, 182 


K | 
KATAPHORIA, 92 Ņ . | 
SS | 

© 


H Laws of corres 


ding retinal points, | 


77 
of prog bat and direction, 76 


Left-h; Kratons, €4, 65 
d pre} sòrs, 64, 65 
Bik. alpebre superioris, 37 


Hap posture in hyperphoria, 22 
Headache, panoramic, 121 
Hering’s drop test, 86 
Heterophoria, 89 

nomenclature of, 91 
Heterotropia, 171 
Hyperkinesis, 92 
Hyperphoria, 91, 118 


action of, 37 
attachments of, 37 
nerve supply of, 37 
Ciiimitstion of external rotation in eso- | 
©) tropia, 179 | 
Line of fixation, 48 | 
of sight, 48 
of vision, 47 | 
Listing’s law, 51 
proof of, 52 
Lost fixation, 188 


defective binocular vision in 
diagnosis of, 122 Q) 
double, 92 N 
etiology of, 119 

frequenty of, 119 

prism training for, WO 
prisms in RO 27 


refraction in, f: | 
symptoms Re | 
treatment 6 M | 
m S 30 
ve, 130 Mappox double prism, 110 


Hypertrop 90 false torsion calculator, 54 


rod, 113 


A 220 | 


AP | 
N 


292 INDEX 


Maddox rod, test for heterophoria, 113 
wing test, 116 
Measuring the angle of squint, 193 
arc measurement, 194 
Hirschberg method, 193 
Priestley-Smith’s tape, 193 | 
Meter angle of convergence, 96 
effect of ametropia on, 96 | 
Methods of studying cyclophoria, 162 | 
Millard-Gubber syndrome, 269 
Monocular convergent squint, 176 | 
See Monocular esotropia. 
Monocular esotropia, 176 
anisometropia in, 178 
central vision, 180, 182, 190 
etiology of, 176 
refractive error in, 177 
studies to be made, 190 
treatment of, 198 
Muscle balance, methods of taking, 108 
cover tests, 116 
displacement tests, 108 
distortion tests, 111 
sheaths of ocular muscles, 25 
theory of squint, 179 
Muscular dynamics, 98 


N 


Nuc te! of oculo-motor nerve, 40, 41 
Nucleus of abducens nerve, 44 
of trochlear nerve, 45 
Nystagmus, 283 
etiology of, 285 
horizontal, 283 
in organic diseases, 286 
methods of studying oscillation, 
284 
miner’s, 286 
neuro-motor exhaustion in, 286 
oscillations, character and fre- 
quency of, 283 
rotary, 283 | 


Ocular muscles, inferior oblique, 35 
rectus, 32 
internal rectus, 32 
levator palpebræ superioris, 
37 
nerves of, 40 
primary and secondary func- 
tions of, 57 
superior oblique, 34 
rectus, 30 
veins of, 40 
nerves, 40 
abducens, 40 
oculo-motor, 40 
trochlear, 44 
variations of, 47 
rotations, 50, 74, 75, 76, 98 
Oculo-motor nerve, 40 
paralysis of, 262 
Ophthalmoplegia, 264 
bilateral, complete, 266 
partial, 265 
classification of, 264 
unilateral, eémplete, 265 
partial, 264 
Ophthalmoplegic migraine, 267 
Optic axis, 47 
Orbit, the, 17 
angles of, 18 
apertures of, 20 
characteristic types of, 19 
development of, 22 
fascia of, 23 
measurements of, 20 
periorbita, 18 


relational osteoOeyof, 21 
Orthophoria, 91 ow 
& P 


$, 92- 
est of Duane, 117 
of convergence, 279 


F 


treatment of, 287 f divergence, 279 
unilateral, 283 of external rectus, 253 
varieties of, 283 @) of inferior oblique, 260 


vertical, 283 


visual defects in, 285 Q 
> 3 
O'Connor operatfon Q: paralytic 
esotropia, 275 
3} 


Ocular movemeyss, 5 
muscles, 


abner lities of, 39 
s of Zinn, 28 


Kh gonistic, 63 

Wied supply of, 39 

NX conjugate, 64 
external rectus, 32 


rectus, 257 
of internal rectus, 254 
of oculo-motor nerve, 262 
of superior oblique, 259 - 
rectus, 255 
of up and down movements, 279 
special clinical types, 263 
Paralytic esotropia, 223 
Periorbita, 18 
Physiologic diplopia, 78 
Physiology, 47 
Position of eyes during sleep, 71 
Prentice’s method of numbering prisms, 
94 
Prevention of amblyopia .exanopsia, 
200 


c na 


en = 


INDEX 


Primary action of ocular muscles, 57 
and secondary function of ocular 
muscles, 57 
relation of, 59 
position of the eyes, 50 
Prism diopter, 94 
value of, 90 
duction power, 96 
Prisms, 93 
Dennett's 
94 
in glasses for esophoria, 141 
for exophoria, 151 
for hyperphoria, 127 
Prentice’s method of numbering, 
94 
test of von Graefe, 108 
training in esophoria, 139 
in exophoria, 153 
in hyperphoria, 130 
Prolonged occlusion test in hetero- 
phoria, 126 
Proof of laws of Donders and Listing, 
52 
Ptosis, 266 


'R 


RADIAN of a circle, 94 
Recessions in esophoria, 143, 144 

in esotropia, 207, 212 

in exophoria, 156 

in exotropia, 218 

in hyperphoria, 131 
Recurrent third nerve palsy, 267 
Refraction in cyclophoria, 166 

in esophoria, 137 

in esotropia, 199, 210 

in exophoria, 149 

in exotropia, 216 

in hyperphoria, 126 
Relation between accommodation and 

convergence, 96 
Rational osteology of the orbits, 21 
Repression of accommodation 
convergence, 141 

Resections in esophoria, 142 

in esotropia, 205, 212 

in exophoria, 156 

in exotropia, 217 


Right-hand elevators, 65, 67 v 
Rotations, ocular, 72, 73, N 


and 


S 


SECONDARY functio 


57 
position A B, 55 
Sixth ANAY ee Abducens nerve. 
N 


Skew de 

Sii NN tudyi ing nystagmus, 284 
AN tion of recti muscles, 33 

. XS 


method of numbering, 


| 
| 
| 
) 


293 


Spurious conjugate palsy, 280 
Squint, concomitant, 171. See Hetero- 
tropia. 
convergent, 174. 
paralytic, 223 
acquired palsies, 225 
causes of birth injuries, 224 
congenital, 223 
inflammatory, 228 
toxic, 231 
traumatic, 227 
complications of, 277 
diagnosis of, 252 
etiology of, 223 
prognosis of, 269 
secondary deviation, 232 
shoulder tipping, 250 
symptomatology, 231 
diplopia, 239 
false projection, 237 
limitation of movement, 
233 
primary deviation, 231 
secondary deviation, 232 
vertigo, 246 
vicarious rotations 
head and face, 247 
treatment of, 272 
electricity, 273 
mechanical exercises, 273 
medical, 272 
occlusion bandage, 272 
of complications, 277 
strychnia, 273 
surgical, 274 
E AIA 82 
models of, 82 
Stereoscopic treat 
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in esotropigs , 209, 211 
vision, 
| Stevens’ ch HA 163 


T, 109 
174, 223. 
rtic squint. 
blique muscle, 34 
action of, 30 
nerve supply of, 30 
paralysis of, 255 - 

} Suppression of image in squinting eye, 
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| Surgical treatment of cyclophoria, 168 


ocular muscles, | 


of esophoria, 142 
of esotropia, 205, 211 
of exophoria, 156 - 
of exotropia, 217 
of hyperphoria, 130 
of hypertropia, 221 
of paralytic squint, 274 
Symptoms of cyclophoria, 161 
of esophoria, 136 
of esotropia, 181 
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. Symptoms of exophoria, 147 
of exotropia, 216 
of hyperphoria, 120 
Synergistic action of muscles, 60 
muscles, table of, 61 
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TALANTROPIA, 283. 
Tenon’s capsule, 23 
check ligaments, 26 
muscle sheaths, 25 
Tests for binocular vision, 84 
Thorington muscle light, 115 
Torsion, 50 
false, 51 
Torticollis in paralytic squint, 277 
Training of fusion faculty, 201 
Treatment of cyclophoria, 166 
of esophoria, 136 
of esotropia, 198, 210 
of exophoria, 148 
of exotropia, 216 
of hyperphoria, 126 
of paralytic squint, 272 
Trochlea or pulley, 35 
Trochlear nerve, 44 
Tucking operations in esophoria, 143, 
144 
in esotropia, 206, 212 
in exophoria, 156 


See Nystagmus. 
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Tucking in exotropia, 218 
in hyperphoria, 130 
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VARIATIONS of ocular nerves, 47 
Veins of ocular muscles, 40 
Vicarious rotations of head and face 
247 
Vision, direct, 72 
indirect, 72 
Visual line, 47 
Von Graefe’s prism test, 123 


bd 


WwW 
WEBER’S syndrome, 269 
Wells’ phoro-optometer stereoscope, 
140 


Wheel motion or true torsion, 50 
Worth-Black amblyoscope, 84 
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